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pL I ttspp^ ro6) ^ ^ , 

193 Distribution of imerglacial deposits and mammoth remains in Baltoaemidiftr 
R. Sandegren, Naiur 1 Angtrmattland oth Mtdflpad^ Uppsala, 1953 

J94 Map showing the distribution of a southern and a northern uniccntric and 
a bicentrie species in Pennoscondia. T20I, p. 12, fig. 5 . 

195 Disgtams showifxg the extent of the ice during the Cary and Valdera sub^ 
stages and the Two Creeks intcistadial. R. C, Murray, A. J. 251, 

I9S3. P- »So, fig- 3 . * . .. 

] 96 The approximate borders of the variotis drifts in central and eastern North 
America. R. F. Flint, Historical G^ogy\ 1949, p. 443, fig. 2B4 

197 Distribution of the Toronto and Moose River interglaciaL deposits. 

p. 22, 

19S Classification and correlation of the stmtigraphical units fmm the Missis¬ 
sippi v'alley to the central Great Plains. (P) Pearlette volcanic a&h i 
• Iwal name t (i) Toad miley formation, (2) Iowan till, (3) Crete forma¬ 
tion, (4) David City formation. J. C. Fr^'e ei u/.,j 7 - G. 1948, p. |ao, 
fisr^ 3 . 

199 Limits of the older drifts, newer drift (York Line) and main latcglacial 

stages in the British Isles. p. 92,3, fig. 23 . . 

200 Section through the Hoxne brickyard. Mem. Geoi. Stfrv, Btiu GeoL^ 

'"East Anglia”^ 1937, p, s8 ........ 

201 The Chalky Boulder-clay and the course and subdivisions of the earliest 

dcpo$ils of the Thatnoa west of London. S. W. Wooldridge, Q+ y* 
94, 1938, p. 657, fig. 7. , , , . . 

202 Transverse section across the Thames v'allcy with the river- terracea. 

Gfoir Surt\ Mem. Brit. Gecd.^ "‘London and Thames Valley'", 
Ed. 2, 1947, p. 56, fig. 19 , .. 

203 Diagrammatic comriosite section of the terraces of the Com at Cambridge. 

R A. Rp., (93Sp App. p. iS, fig. s. 

204 Map of England and Wales showing interglacial localities 

205 Map of the interglacial and intcratadial localities in Scotland, Mammoth : 

Dreghom (D), Kilmaurs (Ki), Chapelhall (Ch), Headswnood (H) \ wwHy 
rhinoceros : Bbhopbriggs (Bi) ; reindeer t Glasgow (G)^ Carluke (Ca) j 
Inchnadamph ( 1 ); plants: Kilmaurs (Ki), Chapelhall (Ch), Hailes (H), 
Bcnholm (Bc)i paLaeoliths: Comrie (Co); marine: Kint^Tc (K), Arran 
(A)| Clava (Cl), Butt of Lewis (L) ....... 

205a Map of Ireland showing interglacial ( X } and latcglacial (A) localities, sites 
of Pleistocene mammals (h) and limit of newer drift and lateglaciaL 
stages ......... . 

206 Diagram of the Somme terraces ^ IL Breuil, R. Gg. phys. G. dyti. 7, 1934, 

pi 272 . 

207 Relationship of the European palaeolithic cultures to the Volfgliederung 
and h>iilankovltch"3 timc-scalc. Tentative datings in italics. core; 

F. fiake ^ B, blade industries. iMs (3), p. 286, fig, 80) , 

2o 3 Distribution of the Lower Terrace in Holland. 477, p. 39S, fig, 126 

209 West-cast profile through the Meuse terraces of south Limburg^ Vertical 
scale k exaggerated to timcs+ 477, p. 397, fig, 125 


xxijj 

Page 

960 

gfis 

9^4 

966 

97 * 

973 

975 

973 

993 

997 

99S 

999 

1005 

ZQIO 

toil 

tO[2 

1038 

1040 

1043 

1046 



XXIV 


TEXT ILLUSTRATIONS AND THEIR SOURCES 


Fig. Vol um e n 

Zto llic extent of the Arctic tundra xnd jce (shaded), July tcmficnt- 

lure of lo'^C (solid line)^ "NordcnskiOld^s line" (dashes with N's)^ 
southern limk of continuous penriafrost (dots aitU dashes)p southern 
limit of ppichta of permafrost (dotted). 1903^ p. -956 

^ii Some typical species of the Dryas flora. Zp Loiieleurta pmcom^cFur; 
Zp Saiix pclaris \ 3^ S. Jiasiata [ieft with Dfyas octQpetaia imd Bfluta 
nami)x 4i Antostaphylm uta Mrji; 5, 6, 

wHHo; 7, Saltx rettisai 8, S. heri^i^a; 9, Dryas oeiopeiala^ 10, S&lix 
reJrfuifltfl; iip iplS^ p- ajp S - ■ ■ ■ 

ZtZ January isotherma of Europe during the last glaciatiao. 'fhe equatorial 
limit in France lay along the isothenti of — 4"C. The Adriatic was dry 
land fo the position of the —4^ isotherm. F+ KUitc, Erdk. 5* 1951+ 

p. 27 Jp fig. I . . , , . \ 

2.12 July Lsotherms of Europe during the last gbciation. F. KJute, Erdk. 5^ 
274 p fig-2 ......... 

2 [ 4 The precipieatlon in western Europe during the WQ rm glaciation i n percen¬ 
tages of the present precipitation. F* Klute, Erdk. 5, 1951+ p-1^77^ fig+ 3 

Z15 Vertical drculalion of water in the South Atlantic Ocean; vertical scale 
exaggerated 550 times. G- E. R. Deacon, Q. J. R. M, S. yip 1945, 
P-iSpfig-J .. . , 

ii6 Pleistocene conditions in the ISTorth Atlantic region. /074, p. fiz, top fig. 

217 Extent of the pluvial lahe in the Nakuru-Naiv-asha region of East Africa. 

iiSs,p.z 9 t.Hn 

it8 L^ft, pluvial lakes of the Great Ba^ln region of North Airvcrica; Ap Lake 
Bonncrtlk; D, Lake Lahontan ; C, Mono Lalcc. Rights existing lakes. 
338, p. j8p fig. 24 

Z19 Simplified curve of changing le^'els of the pluvial lakes in Lahontan and 
Summer I^e basins in latc-Quatcmary time. I, Allison + A, B, 

gfip 1945 s P-Soip fig. 4 - 

zzo Mctcoralogical conditions of the North Atlantic Ocean during the glacial 
epochs. :?r5p p. 244P fig. i . 

izi Displacement of the climatic and %^egetational zones (mean latitudes) 
between the meridians of 0“ and 15^ E. Long. 1^75 p p. 105^, fig, 1 

222. Probable annual terminal moraines, inoo.ow. (d) Holmestad region p 
Vistergotland \ (fc) Hiattfom region^ V^rmland. 3 ^ 2 ^ P* 1. ! 

ZZ3 Diagrams illustrating deduc^ types of spreading of melt-water under 
vai-ying conditiDtia of Salinity, P. H. Kuenen, G. F, F, 73, 1951, p, 7^^ 
^g-z- . . . . ' , , , , _ \ 

Z24 Method of con-rtruction of ^-arve diagram. varves in vertical seetign ; 
11, the same varyes separated and rotated through 90''; Cp the same 
vTirve* put into diagrajornaHe form and in Dp reduced to a smaller scale. 
f 07 ? (^)p p. zfia - 

7.25 The j-early Teecs^ion in the Stockholm area and the correlation of the 
vrarves at localities Zp z and 3. loys (a)^ p, 263 - . , , 

226 Profile of the Pleistocene Aare Glacier wiih its retreat phases and the 
coTrespondlng snowline and 1 recline, xpr^, p. 19^ fig, 3 , 

Z27 Map of the iUpine glaciation showing the position of the glaciers at the 
Cschnitz and Daun stages. P. Stdt^ Ed. 30, 1937, p. 245, fig, 1 

zzE Map showing rbe ice-pauses In Pomerania p with Diluvial vallcySp Stau- 
be^km and dnimlins. K. v, BQlovv, D. G. G. 78, I9z6t fig. t (opp, 

P- - . . . , , , , 

Z29 Map showing the extent of the Brandenburgp Frankfurt and Pomeranian 
stages, p = East Jutland morame; E ™ Belt oscllktion ; F = Lange- 
land osdllatlan. tSzz, p+ 370, fig, 77 . 
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Fig^ Volume II 

Map of the Duteh stHu-moi^incs {in bkck). J. B. L. Hol^ CJf. C. Gg. 

p. %. 3.* , . . - 

231 OscIBaiions over the Danish islands and Scania. A. jessen, Du G. U. 5^ 

i9zSp pi. II . 

232 Hjis and other jce-rnarg:inal lines about the Kattegat and SkaRertak. iSgi^ 

lip p. 627* lig. 2^0 . . . . . 

233 Dead ice or ablation moraines In south^we?t Hiijcdaien. Scale i ' 50,000. 

/072 (2), p. 24S * .. 

£34 Festooned moraines of parts of Michigan, Ohio and Indiana. 4gi\ p, 474, 

. 

235 Map of the moraines of North Dakota. H. A. Ward, [/. S. G, S. B. Sot> 
Tpi^p p. 24. ......... . 

236a Map of the three Wisconsin substages Ln North x\merica; firm lines after 
E. x4iitefV8jX ^95^1 P» ^05* dash Ibts after R- F. Flint+ G. S. A. 

64p 1953. p. 904 ppL 2 ........ 

236b Map fibowifiR Antevs* measu res of the rate of retreat of the North American 
ice-front by stages, jj^p p. S^p fig. 46 . 

2360 Graph of the ehronoSogy of lateglacial (Dcglactal) and postglacial (Neo- 
themial) tintes In North America. Solid line indicates varve datap 
dotted line estimates. Straight lines signify predominant retreat, bows 
halts or readvances. E. Antev^, J7- G- tit, 19534 t97k bg- i - 

237 Possible appearance of Lake Harrison near to its maximum extents llie 

map is gridded in lo-km ur^its, P^ 251, hg- 6 . . . 

238 Lake Humber and Lake Fenland. A. Raistrickp P. Y. G. S. 22^ i934n 

239 Lake Piekering and the glacicr-lakcs of the Clctxland llilL. map 

(reduced and simpliBed) . = ^ 

£40 Glacial diversion of the Rivers Derwent and Rye. GeoL Sutv- 

Oolitic and Cretaceous Rocks of Scarborough ”+ Ed. ip 1904, p. 96 , 

241 The York and Escrick moraines of the Vale of York Glacier. p> 52iS 

342 Rccesston of the ice from the north-cast of England, based on marginal 
drainage. A. Halatrickp P. G. ^.42+ 1931 n 287 .... 

243 Glacier-lakes south-east of Cardigan Bay. 266^ pL io (reduced) . 

£44 Map illustrating the CKtent of the ice in the \Vclsh border district with 
l^ke Lapworth. Gi:ol. SurVu j\f™. Brit. Reg. GeoL, 'WVelsh Border¬ 
land", 1935, p. 77, fig. 38 . . . . . . . 

245 GlBoier^lakes and marginal d rain age In the area of the south-west Fennines. 
Dot and dash line =■ limit of extraneous drift ^ heav^ lines = drainage 
channels; dotted lines = positions of ice-cdgc at certain critical stages; 
continuous lines = conTour Lines at Intervals of 500 ft; shaded areas — 
extra-glaclaJ lakes. pi. 19 . . . 

24b IVIoTginal drainage about Rossendale. Geof. Sf/rt'. ^'Rossendalc 

Anticline"p 1927, p. 135, fig, 37 ....... 

247 The more important stages of the glacier-lakes in the eastern G rampians 

of Scotland. opp- p. 89S, lig. 21 . 

248 The main stages in the recession of the iec from the E lighlanda and Islands 

of Scotland. J-^7d, pi. i ^ 

249 The disposition of the glacial snowlines In the Highlands and Islands of 

Scotland at Stage M+ Moraine Glaciation. -r^7fip p. 900^ fig. as 

250 Map of the Southern Irish End-moraine and the distribution of the Irish 

cskers in ocnttol and southern [rcland. J- K. Charlesw’onh, Gtclogy 
of JrAand^ i9S3» P- hg. 78. 

251 Map of the local glaciers of the Wicklow Hills and of the glacier-lakes 

ponded by extraneous ice. J. K. Charlesw'orth^ P, P. /, jI. 44B, i937> 
pi. It . 
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Volume H 

Map ahowlnff the diatributton of drumlin?, of glacial sands and gravels and 
of glacier-lakcs in North-ca^E linelandt and the North'-c83>t Ireland 
Alorainc and CarLLngford Readviance. ph £7 « 

253 Map of the gbcier loiies of the Spcrnn Mountains^ 260^ pi. 3 

2|4. Maps of the retreat stages in North Amerka and the Baltic region, with 
dates otpte^sed in round figures from A.Dv 1900 and based upon v^r^ea 
and the C'14 method. E. H. Dc Geer, G. F* F* 73+ i^S 11 p- S&61 fig- ^ 

255 Successive stages in the Pleistocene history of the Black Sea. JJPJ; figs, a^ 

bp e, d and e - . - - - . - . « 127,2^ 

256 Morphological features of the North Sea basin. A, W+ Robinson^ 

5. G. M. 6S. i95ip p, 7S. hg. 7 . 

:;t57 Map of the British epicontinental fica^ in Boreal time. ^57^ Ud)^ p. tOp 
hg. 3 ....... i ^ - 

253 Sketch-map of the dkttibuticn of the old-sea clay In the western Nether¬ 
lands. p. 156^ fig. 6 t . . . 

259 Chart of the Georges Bank and surroundings, showing relation of can^rans 

to hinterland. p. 491, Eg. 214 . + « ^ 4 + 

260 World distribution of submarine canyons. Numbers gi%'en where canyons 

have been named and where sufficient sounding? for lungiludinal prohics 
are arailablt. The table on pp. 1243-1245 identifies these canyons by 
name (names itaJicisced arc those derived from exploring vessels) and 
position. Dots show position of other canyons, some of doubtful 
character. F. P. Shepard an<i C. N. Beard, G. R. 28, 1938, p. 440 . 

26 [ Profile across the st randflat in Froia and Hitteren, west Norway. Vertical 
scale = 15 horizontal scale. The profile in black on the main¬ 

land on the right gives the natural scale+ P. Nansen, TiM, p. 122^ 
fig. 123 + . , ..* 

262 Prcglacial rock-platform^ north coir^of Islay {Kiloran Bay) at 135 ft above 

5ea-levcl, G<Ur SurUr Mrw., ^^Colcnsay and Oronsay**, 191 ip p. 63, 
fig. 17 .......... . 

263 Section across the buried channel at Glemsford. ip Chalk; 2^ glacial 

sand and gravel; 3p boulder-clay. GeoL SurVr Mewi.p Sudbury*^, 
1929, p. 43, fig. 13 . 

264 Graphs showing ^'Briations m level of FaiyOm Lake {full line), of the Nile 

at Beni Suef (dotted Line)p and of the Eastern Mediterranean relatively 
to the land (broken ! ine) du ring the Quaternary' e ra. 2^7 p p. 94, diagr- 4 

265 Ideal arrangement of the PleiatoceTLO coastal teiraccs of eastern North 

America, p. 24, fig. to p h + . . . 

266 Physiographic feamres of the central Gulf Coastal Plain and adjacent off¬ 

shore areas. H. N. Fisk and F. McFarlan, G* A* Sps£. P. 62^ 1955, 
p. 2S2, fig. 3 + + .. 

267 The relation of the KieselooILth Terrace to the Main Terrace of the 

Rhine and the Pliocene fan in the Netherlands. H. Quiring, y. LA. f. 
1926, p. 495, fig, 3 ...... 

268 Map of the sea's greatest area in Baitoscandis (black) p with areo.^ of most 

important glacler-iokes (shaded) and isobases of uplift in metres, J072 
(2), p. 299 . 

269 Map of the ^Itic ice-lokc (shaded) just before the opening up north of 

Mount Billing, the Icc-shcet (white) ^ the sea (bkek) and iSid (grey) and 
iso bases of uplift at 30-m intervals. 7072 (z), p, 306 

270 Map of the Yoldia Sea at the time of the Ras* Middle Swedish MoraineSp 

and Salpaussclkaji. 1072 (z)^ p, 307 ■ . . . , J 

271 Characteristic fossils of the Baltic Sea. A, Ff^thndia (IWi'a) arctim- 

B, fltivialiltX from above and flidc; Cp LtUonnit /itored; 

D. Lymmieu otfHfl MhVa from above and below ; E, Mya ^renorui. 
Mya in others in natural atze. 657^ I(b)^ p, Z5, fig, 13 ^ 
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Yoliime n 

273 Th-e present distribution of Porilandia { Yo!dta) A- jessed, N-, Gg- 

T-12, 1^4^, p. 135, %. 7 . , . ^ . 1 S 9 S 

273 Map of the Ancylus Lake (shaded) with isobases (in metres) and ice-^ 

remiuint (ivhitc)* (2), p. 3^2 r ^ ^ i 297 

174 Map of the Rhahdooemfl Sen (Rha 1 ), with isobases (in metres). ^ 4 ^ 4 * 

p. 131, fig. II , ^ ^ . 13™ 

175 xMap of the Littorina Sea at its earliest stage (L J), with isobascs (in metres), 

14^4, p. 241* fig. ., * . . 1301 

376 Surface kohalines of the present Bolde Sea and the corresponding area of 

the Littorina Sea. 657, I(b)p p+ 28* fig. ij . . . - ^ 1303 

277 The diatribulion of January temperanire in Liitodna times compared 

with the present, 205(2), p, 147, fig. 16 . . . - ^ 1304 

278 Distribution of the various beaches of the British Isles, (2), p. 369, 

fig. 127 , + , - . ^ ^ ^ . 1307 

279 Profile and map of the postglacial upwarp between southern New England 

and Hudson Bay. R. J. L«ugee, 5 c. Mo. 76, 1953* P 5 ■ UJO 

280 Relation diagram of the most important former strandLines wiihiri the 

Baltic basin and near the ucean coasts. MGVe, marine Limit In 
Vendayssel; BGl, BGH and BGILI, older kleglacial st^dllnes in the 
Baltic basin j YG, Yoldia UmiE i RliaG, Rhabdonema limit; AG^ .^ncyius 
limit ■, ClyCt Cl>'peus limit; LG, Littorina lifniL The strandlines near 
the Aretie Ocean, after V. Tanner, arc lettered f-i. Sauramo, 

Gx F. Fx 66, 1944, p- S40+ fi^- 1 ... - - K * 1314 

281 Map of the himopedinea of Fennoseandia and the exlcr^t of the ice at the 

close of the First Salpausselkit stage. 14^3, p- S 9 * 5 ■ ■ + 

3S.3 Map of the isobascs of esiatem North America. p. 106, fig+ 64 ■ 

2S3 Map of the isobases of Lake Agassi^. W. x\. Johnston^ Cmi. Sv. B. 7 f 

t 946 , fig. - 13^^ 

284 Map showing the northward displacement of the hinge-lines in North 

America (not drawn lo scale). 1683^ p. 149, fig. 13 * . . * i 3^3 

285 The total upheaval of the land in Angemianland and At Oslo after the 

m&Kinium extent of the last Fennoscandian ke. fig. 4 . + 1329 

286 Curves l-[V give the rale of the upheaval of the Land and of the retreat of 

the ice (in kilometre* and square Idlometrcs) from 1.7,000 a.c. to 
A.o. 2000. The millennia are marked cm the ahscissax The ord inate for 
Curv^es I and II gives metres^ the right lower one for Cune HI fdves 
kLIonictres and the left lower acale for Curvx IV gives square kilomctTes^ 

JJ70, fig. 5 ■ 13^9 

287 The kobases of the present uplift in the Baltic region in centimetres per 

year according to F. Btrgsien (1S2J-1927), R. Witting (1892-1912), 

F. Bcrgaten (1887-1927) and F. Ylodel (1904-38). F. Models Af, Gg. 

Gx 49, i9S<^fc p-8u fig. s . . . X . . . 1330 

388 Contemporary' watping of the Grcal Lakes region. 675, p. 743 . - f 33^ 

2S9 Isobaaes of future uplift about ihe Gulf of BothniA. 34 ^% P- +* - - f 347 

290 Deformation of the beaches of Lake Eonncvilk, A, deformation of the 

Bonneville shore-line l B, deformatiDn of the Provo shore-line; 

Ct theoretical curves of dcformalion of the Bonneville shore-line. 

Black lines are isobascs, shaded areas ate recent lakes. ^845 P* 4 ®^* 
fig. 147 , . . - » ■ ^ ^ * 34 ^ 

291 55 oogeographic borderlines In the Malaya Archipelago. The shaded arcAA 

are the continental shelves. E, Mayr, Q. J?. Bioi, 19,1944, p. 2+ fig, i . 1356 

291 a The arctic limit of Fkcd, Abiei, Pirtas, Larix, Jump^rw rommurta and 

Thi^a McidtnUilii. L Huslkh, Arcnc, 6. 1953* p. i 57 p fig 6 * ^ > 37 ^ 
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Plcistpcene mean sca-levcl pressures in winter in the east antS south-east 
United States. E. T. Ocitim, A.J* S. 250, i^s^t P- 26® . - . 137^ 

Map of the distribution of tlie ice anti the ve^etatTon 2oncs in Europe tuid 
northern Asia during the last glaciation. B. Fnenzel and C- Troll, E* 

^ G. 2, i952t map opp* p, 160 , . , . . 13S0, i j8i 


pleistocene refuges in the North Atlantic reiidoni idatSp p, 439, fig, 3 , 1382 

The Relict lakes west and south of the Baltic Sea^ with the approximate 
position of the ma^irouiti submergences. 1696 (iS), pp. 4, lo . . 1415 

The Eun>|>eaji distribution of FiAycdh cornuta in respect to the glaciated 
area. A+ Vsndclp M^t, S. II* 1928* p^ 77, fig, a * 

The known distribution of the latcglacial interstadial occurrences in 
Europe. H. Grt^, E. ^ G* 4 and 5, 1954, p, 119, fig. i. 

Pollen diagram of Older {!) and Younger (III) Drjiis pTcriod and the 
Allcr6d period (U) In the southern Vosges. Left AP^ right N. 4 Pt 
shown as percentage of .\P. F. Firbas^ N. Pkyt, 49, 1950^ p. ifis; G. 
GrQnig, Bof. ZhL Bli- 121^ 1948 ^ + . . . . , 

Map of the forest during AllcT 5 d time, i, birch with little or no pine ; 

2^ birch with frequent pine j j* blrch-pine; 4, pine-birch. Broken line, 
supposed lirOit of the treeless mountains; arrow's, first penetration of 
WTimier trees (Cor>'fuj* Querruj, Ulmui} and of apniccp 507, p. 302 , 

Probable distribution of s^egetation during the Younger Dryas period ( 111 )< 

Ip birch-pine forest (= present-day July isotherm of iB^C); z* scanty 
woods; 3 p treeless zone (= present-day July isotherm of t6Xi 307^ 

P- 306 . , . . . 

Diagram to show the ^ient characienstks of the pollen of the most im¬ 
portant trees in British postglacial deposits. Grains drawm to the samu 
scale. 6^7, p. 282 

The various STi^nbols used in poUen analysis. V, M. Mikhelsen, Duftskr 
Bot. Ark. 13 (5), 1948-50, p, tyi , ' , 

llie isopolts of Pkes and Fagia during each of four postglacial periods in 
Poland. 531, p. 130, fig, r6. 

Distribution of the pine, birch-pIne and birch zom^s during the Subarctic 
phase of central Europe. F. Firbas and E. S. Deevev* G. S- A. B. 6q, 
»949.P- i327p fig. 3 . . . , , 

Distrihution of the spniee during the climatic opdmiiiTL. Firbas and 
E- S. Deevey, G. 5 . A. B. 60, t949, p, 1331, fig, 6 , . , 

Migration mutes of Ahirs ^fba into central Europe. IJJ, p^ 44, fig, 42 , 

Distribution of C^iam betulm (black line — presen t^ stroke line ^ 
former distribution) and of Fa^a nivafka (dotted). p, 59, fig, 4fi 

The distribution of the European forests in pf>3tglacial time. C. E. 

Brooks, Q.J. R. A/. 5 . 60, 1934, p, 385 . , , , 

Twelve pollen diagrams fmm siti^ along a meridlari from north Finland 
to central France. Each rectangle includes the whole postgl^ial 
sequence for one type of pollen, dry, p, 334 * , 

A series of pollen diagrams from sijt sites along an cast-we&t line across 
Europe north of the latitude of the mked-oak forest. The more 
aouthtrly situated Luzern is induded for comparison. The forest 
development is strikingly uniform though coniferous forest is pro^ 
gre^ively dominflnt in the east. All sites sIk^w' the 'Vevertenee” of 
coniferous forest during the last phase. 7, p. 336 

311 Distribution of the hazel in north-west Europe. Black circles = masi 
mum distribution in Mesolithic (1^5%; 16-50%, 51-75%; 76-too%}: 
black-white circles = maximum distribuiion 
circles = maximum distribution in Bronze age. 
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Fig. Volume II Page 
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Chapter XXIX 


VOLCANIC AND TECTONIC ACTIVITY 

I. Termhiotogy 

The short-lived period after the Pliocene (some authors^ would prolong 
the Pliocerie into the present) Lyell^ designated Post-Pliocene or Newer 
Pliocene* The term Quatemar)^, now' generally current, was introduced as 
Quaiemaire by J. Desnoyers^ for the Paris Ba$in in 1829 and four years 
later by IL Reboul"^ for faunal reasons—the spelling should be “ Quaitemary ** 
as suggested by A. Morlot^ (Quartaire) and used in Dciinuirk (Kvartaer) and 
Holland {Ktcartair) and in the equivalent Quartar w hich German geoIcgi$ts, 
foUovring C, F. Naumannp have employed^ All the logical arguments, 
however, are against its use and favour the word Pleistocene^ (Gr, Pteistos^ 
most; Kamosf new), the subdivision of the Tertiary which LyelP made in 
I S3 9 though subsequently 8 (1S63) suggested should be abandoned because 
of the different meanings attached to it. 

The term Quatemary conveys an entirely false conception of the magni¬ 
tude of the changes that closed the Pliocene. The Pliocene and Pleistocene 
blended almost imperceptibly; the tectonic processes of the Tertiary con¬ 
tinued into the Pleistocene; the changes in the distribution of land and sea 
were of minor import; and the flora and fauna (marine^ land^ vertebrate and 
invertebrate) underwent no radical modification—their relations are so dose 
and their forms so commonly specifically identical that seemingly no line of 
division can be drawn vvhich is not arbitrary (see below). This is particularly 
true of the plants. 

The period's significance in the time-scale is dao exaggerated^, since it 
ranks in no way with the preceding eras in its length (sec ch. L) or In the 
thickness of its sediments (see p. 222)—the r. 200 m (unbottomed) in the 
Russian c. 213 m at Fort Nelson, 10 over 240 m in the southern penin¬ 

sula of Michigan over 300 m in the Seneca and Onondaga valleys of west- 
central New York,^^ c. 366 m at New' Orleans,over 600 m on the floor of 
Lake BonnevillCpl^ 700 m, 760 m or 900 m m California,r. 676 m in the area 
of the Fraser deltai^* S6i^5 m (unbottomed) at Tientsin,more than 1220 m 
in the Albert Rift of East Africat^* tSjO m discovered at Ventura in Cali¬ 
fornia^^ (the greatest thickness of Pleistocene yet known), are quite excep¬ 
tional. 

'‘Phe justifications for a fourth era arc first, the appearance of man who has 
greatly modified and must in the future sdll more profoundly modify the 
fauna and flora of the earth (see below); and secondly, the glaciation which 
has left its stamp upon the earth. But the era, though often styled the 
Age of Man (obvious alternatives are Psychozoic,^ AnthropozoLc,^^ 
Anthropogene^s or Anthropelan^^—Adolesdan has been suggested for 
post-Villafranchian^) whose appearance and development, it has been 
suggested^ may have been linked with these physical changes^ may not have 
co-extended with his range. Many archaeologists postulate a Tertiary' maxi 
(see p. 832). Similarly, glaciers may have appeared somew'hat late in the 
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Quatemary^^- for the inten'a] between the Pliocene and the first glaciation^ 
often loosely styled preglacial ” and termed Ozarkian,^ was long: it con¬ 
tained the “ptegkcial terraces** of Germany (isee p* 519)1 the Donau glacia¬ 
tion (see p. 937) snd the ascending series of glacial advances (see pp. 701, 
920)* In Italy 27 the sea-level fell from r. 200 m in the Calabrian to c. loo m 
in the Sicilian by five stages and was accompanied by a very considerable 
denudation of land-surfaces—the Villafranchian in Upper \kl d'Amo is 
r. 150 m thick and the Calabrian is far thicker than the total Pleistocene 
deposits or postpliocene.^® Alternatively (and somewhat doubtfully^) 
glaciers may have appeared during the Pliocene, as asserted for the 
Pyrenees,^^ Vosges,^^ Black Forestt^^ Auvergne>^ north Germany and Hol¬ 
land Icclandfc^ south Russia, Caucasus, Pamirs^^^ Siberia,Alaska 
Mount Rainier,"*^ New Zealand"*^ and Antarctica**^ (cf* p. 307)^ or even 
during the Miocene in France, New Zealand and the Alps'^^—this pre- 
Quaternary phase of the glaciation has been termed the Polycene.^ Stress 
is laid on the late appearance of a faunal change (sec p. 1031)^ Cold mam¬ 
malia were present in the Cromerian (see p. 995)^ the First Pluvial epoch 
occurred during the upper Pliocene^'*'^ and the coldest seas marked the close 
of the Pleistocene (see ch. XXXVI), Not only the Guns;'*^ but the Mindel 
glaciation'*^ is relegated to the Pliocene (the DeckenicAoiter preceded the 
marine Plaisancian and had no Pleistocene molluscs^); and the Nor^vich 
and Weybourne Crags are bracketed with the first two glaciationsA^ Two 
Pliocene glaciations have been postulated for the Ukraine and the Nebraskan 
and Kansan glaciations have also been placed in theTertiary.^^ 
the existence of widespread glaciation in earlier times^ e.g, Permo-carboni- 
ferous, w'as not used to create separate periods at such times. 

Despite tliese forceful contentions, the word Quaternary is almost uni- 
versally employed and probably will continue to be so used for its con¬ 
venience if not for its scientific value. World-tvide glaciation and the 
development of man are outstanding events. 

The Pleistocene period and the Ice Age \vere coeval, as E. Forbes^ sug¬ 
gested in 1S46. They do not, however, embrace I.yeiPs Holocene or Recent 
period (the current use of this term, accepted by Lyell in 1873, dates from 
Forbcs ,36 since in LyelPs original classifications'^ Recent included what is 
Pleistocene plus Recent) or the Alluvium of VV. Buckland and German 
geologists which some %vould elevate into a fifth or Quiutmmrf era, 5 s This 
last proposal is unjustifiable, even when every allowance is made for the im¬ 
pressive consequences of manV interference with Nature 3 ^^ both physical and 
biological i the largest animals arc disappearing, smaller creatures are multi¬ 
plying beyond aboriginal numbers and “foreign” creaturea are spreading and 
creating a degree of cosmopolitanism throughout the world*s fauna. 

The name Glacial period” connoting glaciers came into use about 1840 
after Ag^iz l^d called attention to their former existence in Britain (see 
ch. XXX)» Since glaciers appeared and disappeared at different times and 
vanished during ^e long interglacial epoch or epochs which lasted more than 
half the total period (see p. 919), Pleistocene is preferable as a general tcntip 
though climate does probably play a major role in its definition.^ 
Plio*Pleistocciie boundary, Diastrophism and ’^-ulcanicity, which have 
furnished criteria for clarification and correlation of geological datum history, 
were not sufficiently universal at the beginning of the Pleistocene to be used 
as a datum line, though they occurred round the Pacific Ocean, including the 
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geDsyncllniil area of south California**^ the Rocky Mountain region*^ and the 
Philippine Islands.*^ They also took place in Asia from the Caucasus to 
central and eastern Asia,*^ including China (see p, 605)* and in Indiawhere 
Upper Siwalik beds with 3 Villafranchian fauna* including horse, elephant 
and primitive cattle, lie dtsconformably on Middle Siwalik strata yielding a 
Fontian fauna (see belotv) but are themselves succeeded by a period of intense 
folding and planation (see p. 605), In Burma** too a major structural break 
and angular unconformity^ due to folding, tilting and faulting^ exists between 
the Lower and the Upper (Villafranchian) Irrawaddy divisions. An un- 
conformity^ coupled with the extinction of marine molluscS:, can rarely, as in 
Morocco,*^ Italy**® New Zealand*^ (see belowji New Guineaor western 
North America,^^ be recognised since marine upper Pliocene deposits cover 
very small areas. Moreover^ no reference sequence is known to which the 
locil fauna and flora can be referred^ nor can any climatic happening be 
detected. In the terrestrial Idaho formation of North America the fossil 
plants have a Pliocene^ the animals a Pliocene and Pleistocene aspect In 
many other extraglacial lands,^^ e.g. Hungary^ South and East Africa, 

India, Hast Indies, South America, Australia and Tasmania, and even in the 
Paris Basin where Lyell created the name Pleistocene period (sec above), the 
Pliocene passes insensibly into the Pleistocene t the very thick deposits 
preserved in the north-west Sub-Ilimalayas show^ no definite natural break 
at this horizon.^^ The same rivers drained the land^ the same seas beat 
against the shore. A dividing line hardly exists^ and beds are only referable 
to the Plio-Pleistocene. In Iceland, tlie boundary lies deep in the basalt 
mountains.'^s Even in glaciated lands it is very debatable. Thus the St, 
Prestian is placed in the upper Pliocene,^* the Plio-Pleistocene transition 
(iM Boule) or the First Interglacial^; the Villafranehian, formerly widely 
regarded as Pliocene, has been placed in the Pleistocene^® (see beloTiv) ; and 
the Mammdiferous clays and lignites of LcfFe"^^ in the ^ps of Bergamo are 
classed w'iih the upper Pliocene,®® prcglacial^®^ f irst interglacial or Cro- 
merian.®^ I’he age of the Ttglian is similarly disputed (see p. 1044) and the 
fossil molluscs of tlic East Anglian Crag suggest Pliocene though remains of 
elephant, horse and ox make it early Pleistocene (see below')^ In south 
California, with its thick Pliocene-Pleistocene sequence, disagreement as to 
the position of the boundary is complete*®^ yet teeth of Ef^nus have been found 
in the Santa Barbara formation and in the San Pedro formation of the Ventura 
basin. In New' Zealand the boundary lies within the Wanganui Series and 
the record is continuous from the Teniary into Recent (Cotton, 1954^ ^ 955 )- 
The Upper Siwalik of India is placed m the upper Pliocene or the early 
Pleistocene though the Pinjor faunais clearly equivalent to the European 
Villafranchian ®^ (see p. 1052)— Flephiisplmtifrom occurs in both. Neverthe¬ 
less, in north China(sec p. 545) a definite faunal and physiographic break is 
recognisable in the San men ian betw een the Nihow an ( Villafranchian J stage of 
deposition and the beginning of the following Choukoutien sedimentation 
(lowest Pleistocene) and Is chosen as the base of the Pleistocene by the 
Cainozoic Research Laboratory the change corresponded to a positive 
movement rejuvenating the entire Pliocene topography—though the Nihowan 
or Sanmenian has been placed in the lower Pleistocene.®® In Java, the 
boundary is placed betw'een the Kali Glagah and the Djetis horizons®^ (see 


p. 1052). 

The passage from Pliocene to Pleistocene 


is therefore almost perfect; the 



5^8 VOLCANIC AND TECTONIC ACTIVITY 

latter m its mammahp molluscs and plants chronicle$ merely the clima^jc of 
the cold foretold in the later Tertiary (see p. 6go), A bouitdaiy^ line In 
reality does not exist. 

KevcrtlielesSp various methods, climaticp faunistic and geological, have 
been tried to secure a recognisable base- Deposits arc relat^ to the level of 
the present rivers and the establishment of the present r^gime.^ Considera¬ 
tion is given to the morphological evolution of the valleyto the composition 
of the river-terraceSp to prominent discontinuitieSp^^ and to the degree of 
deformation and of weathering.^ The base is put at the beginning of the 
uplift and rejuvenation ^ i.c. of the rivcr-tcrraces and beaches which followed 
the Pliocene planation and crustal instabilityc-g* in California and eastern 
North America, at the drop in sea-level during the Sicilian stage^^ or before 
the accordant series of marine sediments w'hich culminated in the fluvio- 
lacustrine beds of Villafranche,"^^ 

It is drawn stratigraphically by most authorities, including the U.S. Geo-- 
logical Surv'ey, at the bottom of the glacial deposits p^^ though arctic conditions 
may not have begtin everywhere at the same timct ^ is believed* for example, 
by upholders of polar movements (see ch, LI) or by thosCp notably in France, 
who refer the first glaciation to the upper Pliocene^ (see above) or tvho place 
glaciation in the latter half of the Pleistocene.^^ To make the Quaternary 
coincide with glaciation;, the line is placed at the top of the Red Crag (see 
belotv)^ at the Amstelian,^^^ at the end of the Mediterranean Pontic stagCp^*^^ 
and in the Ponto-caspian region between the Apscheron and the Baku 
above (sec p. 1224). B. Eberl places it before his Donau glaciation. 
The exact horizon^ hovvever:^ is difficult or impossible to determine. 

The three critical areas for the study of this boundary in Europe are the 
Mediterranean (see p. i255)» East Anglia (see p. 696) and the Lower Rhine 
(see p. 1041) where the Amstelian^ equated wnth Gunz, contains a cold fauna 
and arctic poly20a and foraminifera.^'^^ I'he transition is also found on 
(Morsumkliff) where days with II/ppiinoFi gr^ale are overlain by 
sands (Red Crag ?) containing pebbles of Scandinavian rockSp 1000 km distant 
from their source, and finally by true boulder-clay. This Crag of Sylt, 
w'hich is also known from a number of borings on the mainland of Schles¬ 
wig, consists of Limonitic Sandstone (Pliocene) and of the Pleiatocene 
estuarine Silts and Kaolinsand. Later mineral and pollen analyses place 
this sand in the Reuverian (Weyl et at., 1955). 

In the Mediterranean, where there is no direct connexion between the 
Villafranchianp Vai d'Amo or other beds w^ith the GiinK glaciation of the Alpa^ 
the slratigraphical passage from older Pliocene into Calabrian suggests that 
the Pliocene should embrace the latter horizon. If, however, the evolving 
faunas dictate the boundary, the Calabrian should lie above and not below 
this line,^^^ as was decided by the Vertebrate Section of the American 
Palaeontological Society in 1937**^ and by the 18th Geological Congress in 
1948 (see below). The marine Calabrian (pre-Gunz) is transgressive in 
Lombardy on low er Plaisancian and was preceded by an important mountain¬ 
building phase all over the Apennines and coincided w 4 th a pronounced 
cooling—^e du Nord (see p. 1090) arrived at this time, namely, 

Cyprina Corbtda gibba and 9% of the foraminifera. Moreover' 

the clays contain pollen of Ahius, Pinus, Abies, Castanen, Ericacaca and fems! 
denoting a cold temperate climate. 

In East Anglia, by referring the Cromcrianto the PlioceneHOandat thesame 


PLIO-PLK15TOCENE BOUNDARY 


599 

time to An intcrgbciaJ epoch, as is commonly done (see p. ioi5)t the glacial 
beginnings are thrust into the earlier horimns. The base of the glacial suc¬ 
cession i$ then placed at the bottom of the Biitle>^an,* ^^ Red CragJ^^ Norwich 
Crag,^ Weyboume Crag^^ Chillesford Clay ^ or Arctic Freshwater Ecd,l 
The base of the Red Crag seems prefeniblc since this coincides with an 
unconformity, with the first appearance of Mammutkus meTidianah's, Equits 
robuitus and E. c^balluxt and with the beginning of the climatic deterioration as 
shown by the mollusca and bryoKoa. It accords with the current classification 
of the English Geological Sur\'ey (Chatwin, 1954). 

In Holland^ the boundary was placed at the bottom of the Iccnian but is 
better placed at the base of the Amstelian^^^ (Walton ian and Red Crag) 
which witnes^d an increase of arctic species, e.g. Eiphidieila artti^a (see 
above), as is represented in the following table (for Sylt see above): 


Siiiga 

En^lajut 
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Aips 

l^wcr 

PEriitoctne 

Cromer Forest Bed | 

Weyboume "1 j 

CM^ard Clay f 

Norwich Cra^ ] 
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WcltOTkiBn: Older Red 
Craff 

[Marine TiRlian 
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fisnd 

(flu'v'iBtile) 
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testuarine) 

GQfiz 

glacintEnn 

and 

Donau 

glaciAiion 
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VilUrnnch 

UpFwr 

P3 Loccne 

Hoytonian ICoralEinc 
G^gravicfi J Crag 

Sc^tdisian 

Limonilc [ Astuin 
tandstonc 1 PlElsBiKUin 


In North America the critical areas are in the marine succession of south- 
w'est California (see p* 597), the terrestrial sequence of the San Pedro Ridley 
of Arizona (see p. 1091), and in the central United Stated. Here the Pleisto-^ 
cene deposits have been related to glaciation. Thus the Nebraakan drift in 
Iowa, Missouri and Illinois has uicorporatcd quartzite gravek similar to those 
outside the glaciated area which are preglacial and appear to grade down the 
Mississippi valley into the Citronelle fomnationJl^ In the Great Plains, the 
Pliocene Ogali ala Formation, a widespread sheet of terrestrial deposits sweep¬ 
ing upwards to the Rocky Mountains, is overlain by the Blancan^—the beds arc 
called Blanco in Texas, Rexroad in Kansas and Broadwater in 
Nebraska^2 J — which is probably the equi^^ent of the Villafranchian of 
Europe and the Pinjor of India (see p. 1052). The short-jawed mastodont 
of the Villafranchian is related to the American Stegonia^odon of the Blancan, 
and iJie European Eqiitis slenonis to the American Ple^ippttsA^'^ Castor 
occurred in both. At the beginning of the Blancan there w^as a period of dia- 
strophism and epcirogenetic uplift, a chan^ in the molluscan faunas,i^^ a 
major influx or expansion into North America from both Asia (see p. 1237) 
and South America (see p. i^2^y-Pksippus (horse), Borophaj^is (dog) and 
Procastoroides (beaver) are diagnostics^—and a worsening of climate, for the 
fauna includes lemmings which are now restricted to boreal latitudes, and 
floating ice in streams from the Rocky Mountains carried striated crradcs.^^ 
The base is sought too on paleontological grounds, namely^ in the last 
appeanmee of the mastodonta.^^® This line does not hold for North America 
w^here the mastodont continued into beds which are definitely Pleistocene or 
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even, bte-Pleistocene (see p. S65) and the line clashes with the division 
according to marine faunas and arbitrarily divides the Pliocene.^^^ Since 
mammals are prone to linger beyond the period of their typical expression 
in geological limCj e.g. Ilipp^riatj which persisted w^ell into the Pleistocene in 
Algeria and with other forms into middle Pleistocene in East Africa (see 
p. 822), and the many gbcial species which survived into “postglacial” lime 
in North America (see p- 865), a line based upon the disappearance of forms 
is less satisfactory' than one based upon the incursion of new^ species and 
genera^ such as man or^ following Haug*s defoiitionp of the new' terrestrial 
mammals Elepht^s^ Eqvus and Bos (Lneluding Bison or Leptobos) which now' 
appeared In Europe, south-west Asia, India, China and North America, 
possibly as a result of the climatic change w^hich produced glaciation 
Phe Pleistocene then begins with the Villafranchian in Europe and with the 
Pinjor in India (sec above). 

^'his method has much to commend it, though it can be only rigidly 
applied in a single region* Even in Europe its value is relative and has its 
draw backs : it makes mastodom a Pleistocene animal and places the Villa- 
franchian of Val d'Amo and Perrier in the Pleistocene when there was no 
indication of glaciation (though the Sobks de Ckagny in the Rhone valley arc 
placed in the Gun2 glaciation and the same Villafranchian fauna occurs in 
the Red and Norwich crags of East Anglia 13 ^) and, as in north China and 
north India, antedate the major diastrophisms w^hich geologically should be 
the best boundary: in China, the great faunal change took place in the 
Hwangshiii erosbnal phase between the Nihowan (Villafranchian) and 
Choukouticn (Cromerian) stages (see p. 54 S) associated with great 

epeirogenetie movements which elevated the lake-basins, formed deep gorges 
and created the modem Yellow River, In India a very thick SiwaJik 
Series, with a Villafranchian fauna and seemingly without any trace of 
glaciation, was intensely folded and peneplained before deposition "again took 
place, so that the only “natural boundary here is at the post-Villafranchian 
unconformity' as Pilgrim has long contended (see p. 597). Bos and Fhphos 
probably mark the end of the Pliocene in India though Equus may have 
appeared here for the first time in the Pleistocene since unlike the other 
genera it was immigrant into the country. In Africa, the fauna developed 
partly independently and also lateral ^5 

notably in France, closes the Pliocene with the 

i llafranchian fauna Afatnntnikus nterttliofiaiis^ I}ii:£TOFhwtis &trusctis 
Eqimsilfimnts, Trasofit/ientitncuvitri: the fauia is closer to other faunas whns^ 
Pliocene age is not in dispute and the Villafranchian is of the same age as the 
Calabrian which marks the end of a cycle of sedimentation. Gienouxi37 
showed that the firstnamed animal arrived just before the end of the Astian 
inluscany and Piedmont, that the Villafranchian is the continental and 
freshwater facies of the Pliocene marine Cabbrian'^ (as shown bv the 
molluscan fauna and occurrence of Mammuthus meridionalis) and that Mommu- 
thus aui,q,ws belonged to the Pleistocene Sicilian. I'he Quatemarv however 
more probably began with the Calabrian (see above). This was the 
dec^ionof the International Geological Congress in l^ondan, 1048,1^9 which 
preferred a boundary based on changes in marine faunas, the classical method 
of cla^if)nng rocks, particularly m Italy where terrestrial equivalents (Villa- 
franchian) arc also know^ and at the horizon where the climatic deterioration 
was first indicated. That the temperature of Europe was lowered at this 
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time b proved by the invasion of the Mediterranean basin by ‘^oold*^ boreal 
mollu&ca and foraminiferaj the plant remains at Lodi in the Plain of Lom¬ 
bardy and various places in the upper Val d'Amo, the diatoms of Haute- 
Loire and the soliduxion features in the out wash fans of Villafranchian age 
in the Dijon region. 

The Villafranchian horiamn la knowTi from north Africa,!'*^ where stones 
apparently worked by man ha%^e been reported and is seemingly coeval 
with the Kageran of east, central and south Africa (see p. iiz6) which, 
besides its mammalian survivals from the Pliocene, contairts true elephants. 

In the Black Sea region, the boundary is perhaps to be drawn between the 
Kujalnik stage (Pliocene) and the Tschauda Beds (Pleistocene)^ and in the 
Caspian region between the Aktschagjd (Pliocene) and Apscheron 
(Pleistocene)* 

In California, the only important faunistic break comes at the first appear¬ 
ance of a cold temperature towards the end of the Pliocene, i.e. the Santa 
Barbara Beds.^^ 

Botanically, the boundary is drawn where such typical Tertiary plants as 
Gingko^ Ta^xodium and Magnolia vanished from Europe,*'*^ or between the 
Reuverian and Tiglian,^"^ 

"Ilie discrepancy in time between the various lines is in practice neither 
serious nor troublesome. In its somewhat elastic connotation, and in its 
varied time of onset, the Plebtocene indeed re^mbles other geological periods. 
The bottom of the glacial deposits, if present, is as useful as any more scientific 
line: the difference in time between this and the other solutions is negligible 
by the geological clock. 

Since lands and seas altered their outlines only to a minor degree during the 
Pleistocene (see ch. marine beds of this age, unlike those of earlier 

ages, arc only exceptionally e>:po$ed on the present continents which they 
margin as raised beaches. To divide the Quaternary by its marine horizons^ 
though occasionally advocated and theoretically desirable, is scarcely 
feasible. 


2 * Pleistocene Vuleanichy 

I'he Pleistocene was an Ice Age only in certain regions. Although these 
were vast and influenced others still vaster, a complete and perfectly propor¬ 
tioned history of the period should embrace a description of the forces that 
produced those lacustrine, fluviatile or aeoiian accumulations w'hich mantle 
the continents in louver latitudes and the marine sediments ivhich floor the 
seas in all parts of the world. Subcrustal forces were also operative ; signs of 
Pleistocene vTjlcanicity and earth-movemenis are visible in all parts of the 
world. 

Europe. V^ulcanicity in Europe was on a larger scale than now; many 
Tertiary igneous centres then became extinct. Numerous volcanoes were 
active in the Meditcmyiean region,^ e-g* in Greece,!^® the Aegean Sea *51 
(Santorin) and Ln the Alban Hills and Phlegrean Fields,Here the first 
eruptions were of Chellean and the last volcanic manifestations in Latium of 
Mousterian age (upper palaeolithic man dug shelters in the volcanic tuf&). 
Vesuvius and Etna^54 began in the Pleistocene. Volcanic products 
of this time have also been discovered in deposits in Rome.^^^ Scoriaceous 
cones and lavas occurred in Sardinia *5* and cniptions in Catalonia.^57 Lapiili 
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are associated with Mammuthus meridicnalis and Htppopoinmus south-east of 
Cuidad Real and lavas with beds containing Mmnmnihus primigenius near 
Gerona.^^* North Africa also had volcanic activity^ (see below). 

There were eruptions too in the Central Plateau of France^*^ (e.g. in the 
region of thePuys, on the east slope of Mont Dore and in Haut-Vivarais)p the 
Silesian SudeteSp^®* in Moravia, at Kammerbuhl and Eisenbuhl in north 
Bohemia (with thermal springs), and in Rumania(Banat). The poAver- 
ful basalt volcanoes of the Laacher See district of the Eifelp^^ the accompani¬ 
ments of displacements along the Rhine,^*5 including the Neuwied ba^in, 
were active during the Riss-Wurm interglacial and the younger loess period, 
though their outbreak, w^ith its phonolytic tuffs and pumice^ continued to the 
end of the Lower or Insel terrace^^ (see p. 1043) or into upper Magdalenian 
or even, from the evidence of fir and beech, into Ancylua.i*'^ early LittorlnaJ*® 
or AllerSd time.^^ The " postgkdar* volcano of Kdfel in Oetztal,^^® w hich 
Avas erupting in the inten^al between Gschnitz I and or Ln Allerod 

time,^^ is the sole representative of Alpine Quaternary vulcanicity: it has, 
however, been interpreted as the crater of a gigantic meteor. 

Glacial and A^ilcanoglacial formations of Pleistocene age are interbedded 
in Iceland w'hich had a Plebtocenc thermal activity —volcanic ashes 
from Iceland were carried to south-Avest Norway in Allerod time (see p, 1435)- 
Quatemaiy' volcanic products arc also knotvn from SpitsbergenBecren- 
berg (^341 m) in Jan Mayen is a product of this tirne (see p. 725). By con- 
trastp the sediments on the sea-floor prove that the volcanic activity in the 
Cape Verde Islands was on a smaller scale. The Canary Islands had a 
Pleistocene vulcanicity^^* Avhieh included basalts, trachytes and phonolites. 

Asia. The Pleistocene tvitnessed sporadic ’vulcanicity in Asia and the ex¬ 
tinction of the volcanoes of Ararat, Sahend, Gawalee and Dcmawcnd,^^^ 
There were trachj^c and andesitic volcanoes in Asia Minor*and along the 
faults of xArmenia.^*^ Ashes have been found near the boundaiy^ of the 
Mindel and Riss fluvioglacial deposits in the Don v'alley*®^ and in the Perekop 
Isthmus,With similar materials they were ejected in the Caucasus, 
while basalts vrere poured out in north Palestine,'iVansjordania,!*^ 

Arabia,and in the regions of the Dead Sea and Galilee^** 

Basalt lavas were extruded in north Siberia,*^ along the Siberian—.Mon- 
golian frontier, in Mongolia^*®! Manchuria^^^ and Korea, ^94 contem¬ 
poraneous vulcanbm has been detected in China^95 Kuen-lijn*^96 

Andesites, dacitesand Hparites w^re erupted in Kamchatka and around the 
Sea of Okhotsk 197 and volcanoes w^re active in Japan,die Kuriles, ^99 and 
in other Pacific islands.^ Tuffs and lavas were emitted in the Dutch East 
Indies—Java had then its first major phase of eruptions and Sumatra most 
of its volcanoes. The main mass of the present active volcanoes of the 
Malayan arc W2s built up in the Quaternary.The Hawaiian Islands had 
their Plebtocene vulcanicity. 

Arnerica. Volcanic action of this period has been establbhed for North 
Americafrom Alaska to the Sierra Nevadas, and for the Wcat Indies 205 
central America^<^ (Netv Mexico, Guatemala, Columbia), and the whole 
length of the Andes.2^^ Tremendous activitj^ characterised Avestern central 
America, and south Mexico was studded Asith volcanoes, PopocatepetFs 
lack of Pleistocene glaciers (ef. p. 73a) has been attributed to later volcanic 
activity Avhich raised its height.^oa 
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Africa and Australasia. The serious fan king along the Rift Valley of 
East Africa (see below) was accompanied or followed about the middle of the 
Pleistocerte (Interpluvial) by powerful volcanic outbursts (basaltSp 

trach>le3p rhyolitesp tuffs) which extended, in association w^ith the cast and 
west rift-valley3^ for more than 900 miles (r. 1400 km)p from Aby$$inia to the 
Giant Craterland of Tanganyika. They built up the volcanic mountains of 
Emi Kusi, Eberu, KuJai, Longonot, Marsabit^ Rungwe^ Sees wap etc.^ and 
made such gig^ti c caldera as Menengai: the ashes and tuffs built immensely 
thick deposits over the area of the rifb, and often contributed largely to the 
lake-deposits, affecting vegetation, tainfall run-off, depth of ground- water 
and the whole hydrological cyxle, A volcanic phase occurred in Morocco, 
Algeria and Tunisiap in the Cameroons and near Pretoria in xSouth Africa. 
Lavas w'ere poured out in Madagascar,^New' Guinea21^ and the North 
Island of New Zealand,^*^ while contemporar)^ igneous rocks (basaltsp 
trachyandeisites, limburgkeSp scoria-con^ p ash beds) are recorded from South 
Australia, western Victoria and northern Queensland,and from Antarctica, 
as about Ross Scap^l^ in Deception Island^^^ and on Kerguelen.^^^ 

3. Phistocene Terrestrial Mavements 

I'he horizontality of the Mediterranean beaches (see p, 1255)^ the North 
Atlantic strandflal "(see p. 1250), the British infraglacial beach (see p. 1^57) 
and the terraces of eastern North America (seep. 1259) proves that no serious 
movements disturbed the North Atlantic region during Ouaternar)' timep 
though they did so in volcanic Iceland (where glacial and postglacial dis¬ 
locations have considerably influenced the topography) and along the rest of 
the Dolphin Rise which may owe much of its high relief to diastrophic and 
volcanic movements of late-Tertiary and Pleistocene age,^^^ and may^ it has 
been suggestedhave persisted as a land ridge into Mindel-Riss time. 

Elsewhere thi$ state of affairs was far from being the case and the normal 
processes of diastrophismp the aftermath of those of Tertiar}' age, were by no 
means in abeyance. The Pleistocene indeed witnessed earth-movements on 
a considerablep even catastrophic scale.^^ There is evidence that it created 
mountains and ocean deeps of a size previously uncquaJled^^^—a post- 
Tertiary age has been proved for at least one deep-$ea trench, its move¬ 
ments being greater than for any other corresponding period of geological 
time. The Pleistocene indeed represents one of the crescendi in the earth's 
tectonic history: it has raised high the rate of total denudation, for the 
present mean may be twice that of the Cainozoic and fifteen times that of 
all geological time since the opening of the Palaeozoic era .223 The move¬ 
ments included the epistrophic movements (see ch- XLV) which affected 
c. 40 million sq, km of the continents and 330 million sq. km of the ocean 
floor, i.e. 70 % of the total surface of the earth 224 ; they have been termed the 
“ pasadeniar movement"' (see p. 606) or the Mogian revolution 

Faulting, uplift and crustal w'arping have been proved for almost all 
quarters of the globe. Faults, with throw's of up to 100 m or more, have 
been obsen'ed in mamy countries^* traversing glaciated rock-surfaces,^^ 
drifts,^ tilh^ZS n^oraine^,^^'^ outw-ash fans,^^^ loessvarve clays, strand¬ 
lines and lake-terraces, e.g. in the Great Basin and Colorado Basin of Nortli 
America,^34 Fennoscandia^^J and in the East African rift-valleys.^^ They 
may have raised the “erratic height” on the slope of the Eulengebirge by 
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more than loo and have brought the BaJkans and other areas above the 
snotvline during the last glaciation (see p. 653 ). 

£ura£rica. The Abyssinian plateau was tilted to the north-east238 and 
the faulted massifs of the French Sahara and Sudan were then largely 
elevated .239 Pleistocene rifting, accompanied by gentle warping, took place 
in Africa along troughs of ancient origin. 2^8 The development of the 
Western Rift, ivith its contemporaneous longitudinal bulges, modified the 
peneplain of central Africa which extended into Uganda and the head waters 
of the Congo system. It isolated this region and created Lake Victoria 
which shares Nilotic affinities with Lakes Edward and Kivu. 2 ^' The move¬ 
ments also spread into south-west Africa. 2‘^2 

Faults of this age pronouncedly disturbed the Boden See area of 
Switzerland (see p. 26s)> parts of the southern Alps, the \lenna basin,243 
Sea of Marmora24« and the Aegean (sec p. laao). Epeirogenetic movements 
and warpings affected the south Carpathians and the Dinaric peneplain and 
extended into rstria24S the Balkans.24« They were significant in Pleisto¬ 
cene Holland and Germany 247 (see p. 1265 }, where thrusting raised the 
salt domes of Liinebuig, Sperenberg and other places. 24s ’iTiey caused 
ri\'cr-capturcs in the Ardcnn.es,249 folded the older beds in south Italy,250 
domed up Greece south of the Gulf of Corinth2Si (see p, 1263 ) and pressed 
up folds in Tunisia 252 (with faults), Algeria,253 Morocco 254 and the Iberian 
Pcninsula.255 Structural deformation was taking place in the Alps (sec 
p. 1326 ), where it was largely interglacial (Mindcl-Rjss 2 S 6 ), and in Nicdere 
Tauem,257 In Ru3sia258 the forces raised the Ural Mountains, Transvolga 
region, Podolian plateau, Caucasus and Russian platform, the Aaov-Podolskv 
horst and the Crimea (the uplift was 400-500 m) and depressed other struc¬ 
tural elements, including the Pinsk Marshes, the Dnieper and Don basins, the 
middle Volga, the Caspian region and Petschoraland — this orogenic phase, 
of Mindel-Riss age, was termed Baku (" Bakinsk ”) by G. Mircink.2S9 In 
the Caucasus, it is suggested, the glaciations were genetically related to 
them 2 M Fault dbplaccments in the Rhine Rift Valley,continuing those 
of Tertiary time, iverc of the order of 887 m: movements are still taking 

place.242 

Asia. Asia was I ikewise su bject to powerful an d far-reaching disturbances. 
A structural break, of middle Pleistocene age, produced an an g ular uncon¬ 
formity from the Caucasus to central and eastern Asia. 2 M The fault troughs 
of the Dead Sea, Red Sea, Jordan Valley, Gulf of Aden, Persian Gulf and 
Arabian Sea then received their present fbrm .264 Paiilta, rnainlv of inter- 
pluvial or middle Pleistocene age, tilted the strandlines of the Pluvial lake in 
the Jordan Valley (see p. 1 1 18 ) and contributed to its 5inking,245 Syria and 
Arabia were raised and tilted and subject to large scale folding244ulrnarine 
Pleistocene occurs up to 350 m in south Syria—and M^is Olympus was 
raised c. looo in 267 Uplift and warping affected the Tertiary peneplain in 
central Turkestan, elevating the crest-line of Tienshan^w and depressing the 
basins by possibly 3000 m. 2 M Earth-movements elevated the Caucasus 270 -^ 
the amount since Mindel time is estimated at laoo m and since Riss time at 
400 m—and disturbed coastal Burma and the major formation boundaries 
when the entire land mass of that country with the Shan Hitfhlands 
uplifted 271 They rajsed the Lake Baikal region 27i_Lake Baikal ^ 
deepened—central Asia273 (by 2000 m) and north Manchuria274; warped 
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Peninsular India^^^ and altered the cociRguiatian of several of the river- 
systems; and irnparted a broad uplift to the Sub-Himalayas in north-west 
India, raised the PirPanjal range by 1800-24C50 m, and deformed the country 
along the structural trend of the Siwalik fplding.^^* The Himalayas were 
also increased in height by possibly aooo m and their folded belt was widened 
towards the peninsula. These extremely youthful orogenic movements in 
the Himalayas produced upwarps continuing the rising anticlines of the 
Tertiary, and in the fndo-Gangetic trough covered tlie earlier beeb with a 
great thickness of Pleistocene sediments,^^® including coarse conglomerates. 
They reversed the drainage of north India^™ and dismembered the hypo¬ 
thetical Indobrahm of IE. H. Pascoe (Pilgrim's Siw^alik River) which 
had its source somewhere in Upper Assam or China and flowed westwards 
along the courses of the present middle Brahmaputra, the Ganges and the 
Indus, to discharge into the receding Sind Gulf of the Arabian Sea. They 
lifted the plant zones so that in Minya Gongkar in Tibet, tropical plants w^ere 
transferred to the nival 3 sone^®“; drove the monsoon forest southwards; com¬ 
pelled the Pleistocene ice of Tienshan to rctire^&l; and increased the desic¬ 
cation of central Asia.^^^ fierci continued uplift is seen in the gorges of the 
Oxus, Indus, Brahmaputra and Yangtze-kiang wWch flow^ from it. The up- 
lift since the Glacial period has been 500-1000 i.c, 2-5-5 ^ percentury,^®^ 

An orographic revitial affected Minya Gongkar^^'* and Shansi and Shensi 
and tlirougli an uplift estimated at 3400 m initiated the Fen-ho physiographic 
stage in north Chinawhich preened the Sanmenian phase of sedimenta¬ 
tion and separated these Plcistocetie beds from the earlier (Pliocene) Nihowan 
deposits. Weighting of the Hwang-ho plain by sediments eaused a down- 
warping of the borders of the Shantung block by as much as 1000-1500 m,2ST 
at least part of this of Pleistocene age^ and w'as accompanied by orogeny in 
Mongolia and Western Hopei. 

A sharp continental uplift, more clearly defined than that at the top of the 
Pliocene, took place in the Sanmenian or middle Pleistocene period in 
China^®^ (Hwangshui period), as it did in Burma 2^9 and north-west India.^ 
In China rivers cut gorges and caves, the modem I Iwang-ho and Yangtze-kiang 
drainages came into beings lake-basins were drained and uplifted, and 
extensive fans of red clays and conglomerates bordered the basins (“Age of 
Conglomerates and Terraces”)—these "boulder-conglomerates" accumu¬ 
lated from Shansi to Yunnan* from Mongolian Altai to Tienshan and north 
India, e.g. Kashmir and Punjab, and in Burma, and Assures were formed in 
1 imestones,Jn south Tslrdingp IndoChina, Burma and Java, The 
Khingan Range, the ranges-of Tsinling and the plateaux of Shansi and 
Mongolia w^ere uplifted and the intermontane basins of Ordos, Fen-ho, 
Yush^ and of the Peking plain sank. A later^ Chengshui erosion interval 
preceded the loess and interrupted the laterite formation in south China. 
The whole China coast from Korea to Kwangtung has sunk so that raised 
beaches are entirely missing.^^^ 

Russian geologists believe that faults of this age determine the outlines of 
Severnaya Zemlya^^** and fashioned the Siberian shore of the Arctic Ocean, a 
concept supported by Quaternary' rifts in all parts of Siberia and a postulated 
glaciation of north Siberia from a land-mass north of the present coast.^M 
The movements extended as far as Kamchatka. 

America. Paroxy'sms, accompanied by exterxsive block-faulting, dis¬ 
membered and elo’ated the central American-Antillean lands, completing the 
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foundering of the Antillean Sea and ovcrdeepening the Gulf of Mexico and 
Caribbean marine Pleistocene invertebrate faunas have been carried 

down to a depth of more than looo m in southern I.oiiisiana^®® and the base 
of the Tertiary near New Orleans has been dropped to over 10,000 
The movenients strongly upheaved and faulted the Barbados,^ carried 
coral reefs to 445 m in mobile ffaiti,^^* raised marine beds in the I^esser 
Antilles to 275 and in Cuba to 297 and deformed the West 

Indies.^ 

The Appalachians Vierc brought to their existing altitudes during the 
Quaternary.^* Uplifts of a few thousands of metres characterised tlie w hole 
of western North America which, as in California, saw the severest di- 
astrophism since the late Jurassic and experienced its greatest thrusting and 
faulting.*®^ The mov ements arched up the w'holc of the Great Plains and 
led to the relative abundance of keystone fault-blocks in the Great Basin 
and western Montana, (hereby initiating a notable cycle of canyon 
cutting (Thom, 1955); they broke up, for example, Nevada and south¬ 
east California; formed the Californian Coast Ranges as we know them 
to-day; and revived such ranges as the Wasatch, the Ruby Mountains and 
many others,*®® making among other features the trough which was later 
to become the Bay of San Francisco. This period has been named the 
02 arkian,*<» Sierran*!® or Pasadenian*”: it produced a strong unconformity' 
of mid-Pleistocene date. Similar deformation, which ranged up to 2700 m 
and widely rejuvenated the valleys and was pronounced in mid-Pleistocene 
times, has been proved by biotic and physiographic means for the whale of 
the .^des^'^ whose election has separated the bird life into cis- and trans- 
Andean areas*’* and, aa in South Africaand central Asia (sec above), has 
increased the desiccation.*’* Faulting may have emphasised the offlying 
ocean deeps.*’* ' ' 

Pacific. Disturbances were also distributed throughout the rest of the 
mobile belt around the Pacific, as in the Philippine Islands*'^ and New 
Caledonia,*’* while extensive readjustments were made along the arc of the 
.Malayan archipelago and in the East Indies,*'® including Java where an 
upward crustal movement, connected with volcanic activity, folded and 
warped the inland basins. Earth-movements considerably' affected the 
unstable area of Wallacea between the Sunda and Sahul shelves,*2® Discon¬ 
tinuous uplifts and block-faulting took place in the Banda arcs*^’ and in 
Timor*^ (see below). Crustal warping and block-faulting with tilting were 
active in New Zealand*^ {“ Kaikoura orogeny”), and there were vertical dis¬ 
placements of considerable size (r, 600 m) in Papua.Coral reefs were 
raised 300 m in the .Solomon Islands*^* and to 1000 m in Celebe3.*2-6 

A broad regional uplift of up to 1800 m, accompanied bv widespread 
normal faulting, occurred in the Kosciusko Mountains, New South Wales *i7 
("Kosciusko” or "plateau" period*i»), and as a broad geanticline parallel 
to the coast spread through the south of the continent.*^® thereby originatine 
the internal drainage system of the Great Artesian Basin, The rift-vallev^ 
of South Australia owe their form to complementary'downward movements of 
this age,**® and the faults bounding the east coast of Australia also moved 
dropping down the platform on which the Great Barrier Reef was built **’ 
The north-wKt coast of Australia has been tilted and faulted so that the con 
tincntal shelf is marked by the 300 fathom (e. 550 m) line .**2 Coral terraces 
of the same date have been raised 1300 m in Timor and 1000-1700 m in New 
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Guinea where the central ranges were elevated as a vast concourse of earth 
blocks,Macquarie Island is a n^idual horst left by profound postglacial 
block-faultiing (see p* JiS)* 

These movements are probably continuations of those of Tertiary times : 
they have been regarded as differentialas dtie to variations in intensityT^^^ 
or as continuous movements modified by the Pleistocene climatic rhythm 
The Pleistocene in its earlier portion was affected by orogenesis in 
different parts of the globe^ c.g^ the outer zones of the eastern Andes^ in 
western North x^merica, in the southern marginal zone of the Himalayas 
and in the lower Rhine basin (Stillep 1955)- Yet the most important phase 
W'as seemingly the great interglacial ('“bakinsk" of G. Mirfiinkp^^^ the 
Ortenau^' phase of O. Wittmann^^®). 

ITie Pleistocene high continents p restricted epiointlnental seas, notable 
folding and seismic activity^ and efiversified climates suggest the twilight 
between two geological periods 
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DRlFT-rCE VERSUS LAND-ICE 
I. DibScles 

The glacial field offered boundless opportunities for indulgence in the 
wildest of conjectures and the boldest of speculations: many of these exceeded 
the bounds of the absu rd. The origin of granite and basalt, w hether aqueous 
or igneous, was not more strenuously debated than were the nature and 
duration of the processes which accumulated the Diiuviiim. Every step 
forward w>as fiercely contested. The dust and din of the contending schools 
have died down so that this branch of geological enquiry has like others 
passed into a period of orderly progress. Yet the glacialist still finds much 
to baffle him. 

Although the days, sands and gravels belong to the youngest and most 
accessible formation, their apparently chaotic state and seeming lack of interest 
made them the last to be investi^ted; they were for long a synonym for con¬ 
fusion, and except for their fossil shells and bones seemed unattractive and 
unimportant. The "extraneous rubbish" was a troublesome hindrance in 
examining the "solid” geology. Long after Agassiz had revived the glacial 
theory', official state surveys ignored them. Thus the British drifts were 
passed over almost without scrutiny until most of southern England had been 
examined, They were first mapped in Norfolk by J. Trimmer.' Their 
mapping ivas only undertaken when, somewhat belatedly, their connexion 
with agriculture, drainage, dwelling sites and engineering problems had 
become recognised. 

The subject has a history extending over more than a century. Reviews 3 
and systematic treatises by Agassiz J (1S40, 1847), Mousson-* (18?+), IleimS 
(1885), Falsan* (1889), Hess'? (1904), WoldstedtS (1923, 1954) and R. v. 
Klebelsberg^ (1(^48/49) on the continent of Europe, bv A. Geikie't' fiSbil 
J. Geikie'i (1S74, 1878, 1894, 1914) and VV. B. Wright '2 (1914, 1017'! in 
Britain, and by G. F. Wright'^ (1889, 1911, i9ao), A. P. Cole^(mafi 
1941) and R, F. Flint 15 (1947) in North America have dealt comprehensivdv 
wnth the state of knowledge of certain parts of it at the time of their publication. 
1 ogether, they record the advance of glacial observation and thought during 
the last hundred years. ^ ® 

Penck and Bruckner’s Die Alpeii im Etsueitalter (1909) co-ordinated a mass 
of date dealing with the AI^ and provided a basis for glacial nomenclature 
and chronology that has had world-wide reactions. 

:^ly views O'? Erratics or "foundlings” (Ger. F!»dla,ge-, 

Ital. trffvanti) early attracted the attention of naturalists; this was due to their 
conspicuousness where they bestrewed the plains or rested upon mountain 
flanks, and to their contrast m colour and texture with the underlvins rocks 
and soils. Thp' were scatte^d by Nato« in her anger. Aeschylus and 
Strabo regarded them as remains of a hail of pebbles hurled by Hercules and 
Jupiter, and later writers derived them from planets or comets or placed 

61 + 


EARLY VIEWS ON ERRATICS 


615 

them in a sort of spcoid mythology as "giants" putting stones“devir& 
burdens” and “witches hearth stones” brought by Samson or Goliath or by 
giant$, dwarfs, the devilp Thor, Odin or Robin Hood (see p. 362)- Even as 
late as 1875 they were regarded as the products of marine precipitation*^** 

Those on the eastern Hanks of the Jura Mountains were espedaily remark¬ 
able, exciting more interest than any in the Alps; here the chaos from 
avalanches, mountain torrents and glaciers made them less noticeable except 
at Monthey * ^ in Valais where granites from Mont Blanc are 27 miles (c* 43 km) 
from their source. The Pierre des Ahmieites at tins place contains over 
Go,000 cu. ft (20^7 cuh m) of rock*^ and the Pierre d bot near Neuchitel at 
670 m measures 19 m by 15 m by 12 m (see p. 363). On the Jura slopes, the 
erratics reach their highest altitude opposite the great Alpine valleys, espeo^ly 
the Rhdne, as von Buch^^ and de Saussure^o observed (actually at the south 
end of l^c de Neuchitel 21), 

S. G. Gruner^ noticed that the blocks came from the Alps. Von 
Buch placed this bej^ond doubt by tracing them to their source in Mont Blanc 
and Valais and supplementing the observations of de Saussure, D, Dolomieu, 
C. Escher and G. Studer, He showed too that the dispersal w^as not re¬ 
stricted to the valleys opening on to the Swiss Plain but was radial from the 
Alps and that the erratics of north-west Europe, though more distant from 
their source and scattered on a vaster scale, resembled those of Switzerland 
in their mode of occurrence. W. Schultz gathered further details of their 
distribution and F. Hoffmann tracked them through Weatphalia and 
Saxony and G. G. Pusch^^ followed them through Poland and Russia. Wliile 
some writers thought they were local,2* Le* fronrmountains or rocks that had 
been subsequently destroyed, or from the south ^7 (a derivation recendy 
affirmed ^^)p C. F. v. Ahrensw^aid^^ noticed as early as 1775 the similarity of 
the Trilobita and Orthoceridae m boulders of the Pomeranian and Mecklen¬ 
burg drifts to those in Jifu in Gotland. V"on Buch,^ indeed^ demonstrated 
coitclusively that they came from the north, mainly from Scandinavia. He 
followed their southern limit across Germany (a$ Murchisonaftenv^rds 
did for Russia, where he found they spread farthest down the Dnieper and 
Don) and noted that they became smaller southwards. J, Durocher^^ found 
a like diminution in the Finnish erratics over Russia and Poland and remarked 
that while the erratics in these countries hailed from Finland, south of Berlin 
they came mostly from Sweden and in Denmark from Norway, This con¬ 
clusion agreed generally with observ'ations by Pusch and J. F. L. Hausmann^^ 
in the Netherlands. These directions were seen to conform with SefstrQm's 
“diluvial scratches”^ which, as T, Bergtnann (1775-8)^ C. de Lasteyrie 
and P* A. Siljestrbm observ'ed^^ (they escaped von Buch's notice), "ran 
north-south in Sweden and vvest-^east in Finland and tiorth Russia and 
parallel with the surface-features.Vanuxem 37 J, Hall discovered 

a like southerly carry in North America, that the cry^stalUoe rocks had 
travelled farthest and that the distributiori had a southern limit. 

The striae found many conflicting explanations. They were regarded as 
the outcrops of slaty cleavage or cr^^stalline stmeture,^^ and even after the 
glacial theory v™ enunciated were attributed to the settling of boulder-clay 
following infiltfation^ and to strucUaral phenomena,^^ landslips,cart 
wheels or hob-nailed boots! ^^3 Roches moutonn^es fared little better: ex¬ 
foliation and ordinary^ atmospheric w eathering fashioned them.’*^ 

Erratics naturally incited the study of the disarray of clays, sands and 
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gravels that constitute the drift, though many regarded their origin as distinct 
and the problem they presented as less serious. No force then known, it 
was agreed, could have transported erratics over great distances and across 
the Bdtic basin in north Europe’s dispersal region or over the Swiss Plain in 
the case of the Alpine radiation. 

Catastrophic phase. In the infancy of geology, before the enunciation 
of Lyell’s Doctrine of Uniformity and K. E, A. v. Hoff’s Aktualismus,^^ the 
drift and its associated phenomena were the subject of crude, extravagant 
hypotheses (glacier-tables, for example, spouted from glaciers like mushrooms 
on their stalks), of fanciful speculations, and of hastj-deductions, products of 
unbridled imagination rather than of scientific enquiry. Chaotic turmoil and 
catastrophes, generated by causes often more difficult to understand than the 
phenomena themselves, separated man from the Tertiary era. 

Mighty convulsions due to approaching cometsor disrupting heavenly 
bodies'**^; a hall or change in the earth’s revolution about its axis^; extensive 
collapse of mountainsor of the roofs of vast subterranean caverns which 
expelled their expansive fluid or gases with explosive impetuosity^®; the 
paroxysmic erection of the Alps^i—all were seriously invoked. Subter¬ 
ranean volcanic outbursts were also responsible(erratics were bombs,^^ 
block-moraines crater rims 5 ^). Eruptions and earthquakes operated in 
North America and even Lyell^* thought earthquakes might explain some 
of the Alpine erratics. 

In less violent form, the Swiss erratics were transported by drift-wood 
(hence the bituminous wood in many Siviss localities) or were ferried 
in glacier-lakes S'J or in a single sheet of water which submerged the Swiss 
Plain and penetrated the Alpine valleys.^® Alternatively, they glided over 
an inclined plane, aftenrards carved Into the present relief, which sloped 
continuously from the Alpine summits to the Juras.^^ 'Phis reconstniction 
w'as obviously incompatible with the dimensions of the erratics®® (the gradient 
would be only r" S' 50'®I if they had been carried no farther than the Swiss 
frontier), the lack of signs of attrition, their occurrence in a zone instead of 
at a definite height, and, as was early shown,*2 their dispersal after the valleys 
had been excavated, ^ 


Diluvial hypothesis, A natural impulse was to ascribe the whole of the 
seemingly tumultuous and disorderly deposits to the passage of a vast flood 
The Deluge or Sivljiut (general flood), the last of the catastrophes, was long 
artd widely accepted as the cause of glacial phenomena. Its " resistless 
world-wide currents”, de Saussurc’s violente et gratide dibSclt^^ were postu¬ 
lated not as part of a cosmogony but as a legitimate attempt to solve a specific 
problem, though the freshness and apparent recency of the phenomena were 
welwmed as prwf of Biblical records and of the floods of many scattered 
tradition8~a relic of the hypothesis survives In the name Diiufium still used 
m German-speaking countries for the Pleistocene period, 

\V. Smith was among the first to separate the "superficial deposits" from 
the regular strata”, r^erring them to a different and more tumultuous 
origin, rhose of the Deluge, Werner’s sujgesehwernmtes Gebirse, were dis¬ 
tinguished from nh^Muviutti, which proceeded from causes still ooeratino as 

■; C0V.«, 

^otland and W. fiuckland« for England. Buckland and G. A. Mantell« 
designated them Diluvium and Ailuvtum, a distinction generally admitted after 
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Ciiviyr*'^ published his work on fossiJ ^imals. The separation was based 
on the jn\'ariahle succession of the Dihz-ium by the Altmnum:, on the difference 
in the or^ganic remains, including the absence of traces of man from the older 
deposits, and on the Allutriiim's tranquil formation. 

This Deluge sw'ept over the earth in int^eulable volume, ^neraUy from 
north to south (hence Murcliison*s term Northern Drift^), though in 
S>vitzerland it came from the south-east out of the Alpine Ya]le)'S^ (sec above). 
Extravagant effects were attributed to it, x 4 s it rushed through the great 
valleys, e.g. the Ancient Straits of Malvern,™ it sculptured and transformed 
the terrcstFEal features. It inscribed the striations,'^* rounded the contours ,^2 
disintegrated the rocksscooped out hollow's on the impact side of ob¬ 
stacles,^* eroded glacial spdlw'a)^^^ and giant kettles (like the kettle after¬ 
wards found on the Hintcrstock^*^ at 1730 m or 300 m above the floor of the 
Aare valley or that at r. goo m on Doweljeld^), excavated valleys and lake- 
basins ineludiog the Great Lakes*™ severed England from the continent 
(H, H. Ho worth), moulded drumlios by its undertow,®® and bestrewed half 
a Avorld with its WTCckage. 

Crags^ knolls and mounds, confusedly hurled. 

The fragments of an ancient world. 

To the wreckage belong the erratics (sometimes seen to be striated*i) and 
the drift named **cataclysmal Diluvium”, Terraifi diluz^'en catactysiiqu^,^^ 
TVrrmVi Cfyimien ou DHnvien^^ —others preferred neutral terms®* like terrain 
erratique^ nappes erraiiqties or Erratic Tertiaries, In France the flood 
deposited the limon des plateaux and in England produced wn$hed-in cave 
deposits, stanniferous gravels in Cornwall,®^ flint gravels and plateau drift in 
the south,and as elsewhere, shelly gravels* water-laid and water-wom 
material and boulders in the terraces. Catastrophic floods from the north 
carried an immense quantity of mud, turf, water plants and other organic 
matter, depositing it in a finely divided state as the Russian blackearth.s^ 
They were responsible for the chaotic appearance of some of the deposits, as 
those of Lago di Garda to which Dante referred in his fnfema^ 

The effects upon life w^ere far-reaching^ ITic Deluge broke the bones of 
vertebrates caught up in it*®; transported arctic plants into lower latitude®®; 
and scattered the pre-diluvial vegetation as '^Noah's w'oods” (submerged 
forests). It mingled land and aquatic animals®® and northern and southern 
species^ drifting them into caves®! (as believed* for example, by J. F. Esper 
and G. A. Goldfuss), and wiped out much of the antediluvial fauna®2 
(G. Wahlenberg'sprerfidJWfYwAff bitdmngar^^)^ including the Siberian 

mammoth which by a " miracle of Providence " survived through two ep^hs®* 
{Dicycloiherittm of G, St, Hilaire®^). It necessitated a new*, postdiluvial 
creation®^ since the bones, previously thought to belong to griffins, dragons 
or a giant race of men,®^ to the dead animals of former mens^ri^ or as 
in Tuscany to Hannibal's w^ar-elephants,®® were showm by Coricr®® to be 
elephants and rhinoceroses specifically distinct from Uving species. 

Notw ithstanding Playfair's protests (see p. 6^4), the hypothesis found wide 
support in north-west Europe.!^ Sefstrbm!®! imagined Pe/i Pefridelauniskn 
Ftoden or Rulhtenjiod (“flood of rolled stones^') had overwhelmed all Scandi¬ 
navia from north to south, deviating locally with the relief* as W. Bothingk^®^ 
pointed out. It accorded with the striae^ as on the flanks of Snehaetten at 
123+ m (P. A. Siljtstrom) and near Hardanger at 1800 m (B, M* Kellhau), In 
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agreement also were the roches rnoutonn^, whose northern sides 
rounded and southern sides rough,i <*5 the alignment of the osar,i“ and the 
movement of die few erratics then traced. 

The diluvial hjpothesis had many adherents in Britain and was 
strongly and repeatedly ehampioned by BucklandiM who postulated a uni¬ 
versal flood which submerged the highest summits. He sought its source in 
the north) notivithstanding the warm character of its fauna, including the 
hippopotamus, which had led others to believe in both a southern and a 
northern flood.The hypothesis reigned undisputed in North America 
until 1841and was firmly held in Switzerlandwhere the cataclysmically 
retreating waters scoured iuit the basins of the Swiss lakes. 11 ® \VTiile the 
middle of the 19th cen^ry saw its geneial abandonment, some geologists, e.g. 
A. Sedgwick and J. Phillips in Britain, remained staunch and later supporters 
have not been lacking! h. H, Howorthi'^ in particular defended the 
diluvial creed. 

The causes of the sudden and violent floods that swept over the face of the 
earth, with depths of up to 5000 ftHJ (1^20 m) and a velocity computed at 
ft (5930 m) per second,!!^ were mostly obscure and fantastic, in¬ 
volving agencies outside the realm of human knowledge and observation, 
'they were given, as Playfair^l® said, with a want of precision and with 
much reserv'e and mystery, for whence or vvhither were questions difficult to 
answer. 


The waters were condensed out of a primordial atmosphere! or descended 
from the nebulous trains of comets entangled in the earth's atmosphere.u^ 
They spouted from subterranean caverns”® and accompanied the convulsions 
that suddenly upheaved the mountains of the world,'including Scandinavia, 
the Alps and Carpathians, or that elevated hypothetical continents'^ or the 
ocean flpor.'^' They also sprang from the bursting of extensive Iakes'22 over 
the Swiss Plain or the plains of north-west Europe, from the emptying of 
glacier-lakes, 123 or from the sudden melting of snow'B .'24 ‘'erratic 

thaw ”'25 was induced by a sudden lowering of the Alps '24 or bv gases 
escaping from igneous matter'2? in the Alps, Pyrenees or south Italy ' ^tcr- 
natively, the waters came from the polar ice.'^B melted by a shift of the earth’s 


The culminating expression of these paroxysmal dynamics w^ the " wave 
of t^sbtion” enunciated by HaU'S® and elaborated by several Cambridee 
mathemaucians.”' This attempt to put the diluvial hypothesis on a svste- 
i^uc basis postulated a terrestrial upheaval by successive and powerful starts 
*e percussions raising gigantic waves in the oceans. Although the wav« 
no rational explanation, they continued to be accepted by a number of 
British and Amtnan gealogists '32 for over 30 years in the onginal or some 
modified form. Forcht^rnerUJ also attributed the Rullsti,fomotiGften 
to a wavc-lifce nse and fidl of the surface associated with plutonic activity 
Obje^ow to the floods were stated by numerous writers but no mor7^n- 
vmcmgly than by Charpentieri 34 and Agassiz.'^S Thus the till lacks strafifi- 

d>db in’^ Ybid'!rci’,t''s^ 
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days whose correct position was not appredated until much later (see 
eh. XLy)i rock-surfaces perforated by Pholades*^^; giant-kettles^^^; sodium 
chloride in Belgian loess^^s; relict faunas in Swedish and otlier lakcs^^® (see ch. 
XLVI 11 ); halophyte plants in north Germany (the maTitime plants are really 
related to the ktegbcial submergence^ the halophytes to salt springs from the 
Zechstein^'*^); and the maritime plants around the Great L^es^"*^ (first in¬ 
terpreted in this way by J. Torrcyl^^ 1843) and other inland waters, 
e.g* in Sweden (Vittern and Vmem) and Scotland^^—the so-called 
maritime plants round the Great Lakes include representatiyc^ of various 
types and may be connected merely with suitable habitatse.g, warm sandy 
soils or salt springs, with the l.^urentian glacier-lakes^^^a or niay have 
descended from the Appalachian upland^l^^ in either case being unrelated to 
a lateglacial submergence* Moreover^ raised sea-margins occurred in 
Scandinavia. Britain and North America—shelves of varied origin, such as 
weather, river, lake or plough terraces, were cited as evidence^'*®; erratics 
were mingled and intercrossed^'*^ and widely distributed from small out- 
crops*^®^ and much of the drift, w'ith its lamination and alternating fine and 
coarse layers, tvas obviously water-w'omi and water-laid. 


a. Drift Theary 

The conflict ^vilh f luttonian principles involved in conveying huge erratics 
by marine currents for scores or hundreds of miles led to the calling in of 
floating ice. In ils new guise, the diluvial hypothesis was no longer dis¬ 
cordant with the doctrine of uniformity since duration and not intensity was 
important: Pleistocene events w^re removed from the catastrophes. It was 
imagined, in accord with the fresh discoveries of such polar explorers as W, E. 
Parry, W Stx>rseby, J. P'ranklin and E. K. Kane, that local glaciers on the 
higher mountains released ice-rafts and bergs, occasionally coast-ioe*^* or 
ice-foot,which sailed out over the submerged lands in a polar or “palaeo- 
crj'stic sea*^ (see p. 191). The drift-ice of this Great Submergence swept 
over we^t Scotland and the Outer 1 lehrides from the north-w^est in a sea 3000 ft 
(c. 900 m) deep*^^^ It grated on the sides and floors of the valleys and 
striated them; produced cross striaeand terminal curvature, as Darwin 
stated for Mod Tryfaen,^^^ and rotating, ground out rock-basinS-^^ At the 
final melting, the load was dropped as erratics and drift, far removed in 
places from their source and distributed according to the interplay of con¬ 
tending currents and tides, the weight of the debris^ and the quantity" and 
draught of the ice. 

The glacial currents compelled all animals, including northern ones^ to 
migrate southwards**^^ They gouged out hoUows in the drifts,^^® eroded the 
Sw iss and Great Lakesand the basin of the North Sea,l^ deposited the 
head"" of southern England, and washed the bouJder-clayp leaving behind 
the “middle glacial” $ands and gravels.North Germany had a coastal 
facies **^ and kettle-holes marked the shores of the ioe-laden sea.^^ 

That the waters were cold w'as demonstrated by the arctic life in the Clyde 
clays,in the "ice-sea"' (ifj/m?) of the Baltic(sec p* 1295) and in the 
Mediterranean Sicilian.^®^ Reindeer and arctic birds in south France 
and arctic plants in Devonshire and Scania (see p. 1066), bore witness to the 
climatic severity of the adjacent lands. 

This glacio-natant hypoihesb* though earlier anticipated,^'^ is usually 
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associated with the name of C. LyelM'^^^ w'ho elaborated it. His advocacy led 
to it$ wide adoption in Switzerland (the erratics on the flanks of the Juras 
naturally su^csted flotation and stranding by drift-ice), north-west Europe,^'^^ 
Great Britain and North Amcrica.i^'* It was especially espoused in 
eastern Canada where fossiliterous Champlain Clays and shelly drifts, and 
the terraces and beaches built by the modem drift-ke, caused Canadian 
geologistsiW to attribute more importance to submergence than did their 
colleagues in the United States. J. W. Dawson championed the view until 
his death in 1S99 G. M. Dawsonhinged Canada upon a north*-south 
line along the eastern foot of the Rocky Mountains. He advocated the 
hyi^thesk for the plains of w'cst Canada because the glacial theory was 
diliicult to apply there and the glacial deposits were stratified and tvidespread. 

Enrironment strongly influenced national thought in this matter just as, at 
a later date, it caused planation surfaces to he referred in North America to 
fluviatile degradat ion an d in Britain to marine activity. Thus the dri ft theory 
was most strenuously defended by those who laboured in lowlands and coastid 
In the British Isles,'it was naturally held by workers in Lincoln¬ 
shire, Hast Anglia, Lancashire, Cheshire, the Welsh border. Isle of Man and 
Central Plain of Ireland and on the older drift of central England at a time 
when the glacial theory was accepted for the mountainous districts of Scot¬ 
land where, generally, a shelly drift is absent and moraines and erratics, 
patently analogous to phenomena exhibited about modem Alpine glaciers, 
are profusely scattered throughout the Highlands. Similarly, geologists in 
the Netherlands, north Germany and Russian Baltic provinces persisted in this 
view'™ after those of Scandinavia had largely abandoned it. Even in 
Switzerland, ^e classical land of glaciers, the drift of the plain was thought to 
differ in origin from that in the mountain valleys'™; the drift theory seemed 
obvious for the Plain of Lombardy.'*® 

Few questions about the ice Age excited more discussion than did the 
amount of the submergence. While tlie shore was inevitably drawn at the 
limit of the drift, as in North America'S' ^nd at the Thames-Brbtol Channel 
line in England'*2—this limit, however, was associated by some with the 
denudation 0/ the drift farther south'*^ or of the sloping ground against 
which the drift had been deposited i« 4 _tbe depth of the sea in the submerged 
tracts was uncertain. It was gauged by the joint testimony of the height of 
striae, deltas and erratics'®^ and of high-level shelly gravels or of strati fled 
gravels, sometimes interpreted as true beaches, which were without shells 
Figures ranged between 1000 ft and +000 ft(c. 300- 1 zoo m) for Great Britain 'M 
between 3000 ft and 5000 ft (c. 900-1500 m) for North America,and up to 
2700 m for the Alps.'®® Russian and German geologists were content with 
modest figures for lack of summits which could register greater depths. 

The causes of this submergence w ere as a rule non-catastrophic; they in¬ 
cluded the displacement of the earth’s centre of gravity owing to alternate 
glaciation of the hcmisphefcs'«>; the melting of polar iix resulting from in¬ 
creased obliquity of the orbit; isostatic depression under the ice-load'^'- 
attraction of sea-waters by the icc'«; and subglacial cooling .'93 

Tn a variant of the theory.'^ which in identical or similar garb has not 
wanted^kter adherents, the striae were engraved by “ mud glaciers ” or by the 
drift which slipped ^ the Lmd eirierged froni the glacial sea, 

Objectioris, Objections to the drift theory arc insuperable: Charpenticr'^s 
demonstrated this as early as 1^35. The motive power of bergs is provided 
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by winds and currents whose strength and direction vary in vertical planes 
so that bergs of different draught drift on different courses or at different 
speeds. Such erratic agents, with their unsteady rocking motion ^ could not* 
as Darw'in^^ ohservedp produce dome^shaped rocks nor could they have in¬ 
scribed the striae which run over large areas w^ith striking regularity nor those 
which score overhanging faces or the lee sides of obstacles: these demand an 
impossibly nice adjustment of depth of sea and draught of berg* Inconsistent 
also are the rock-basins, giant-kettleSp drumlins, crags and tails; the local 
nature and non-stratification of the till; and the erratics’ angularitj-^ and their 
distribution in definite trains aligned with striae and dnimlins. Nor is the 
theory in harmony with the soled and striated boulders (these are diagnostic 
if plentiful enough to permit the flatness ratio to be plottcd^^^; svith the 
orientation of big boulders or the intrusion of till along bedding planes {see 
p. 364); or with the whole phenomena of marginal drainage, including tho$e 
spillways, postglacially undeepened, w^hich as in the British Isles^^ (near 
Dunbar, east of the Wolds, in the Kyle of Sutherland, south of the Solway, 
and in Ireland) descend to within too ft {30 m) of present sea-level. 

Finally, it is irreconcilable with the topographical relations of the limit of 
the drift, as Charpentier emphasised, and with the restricted centres from 
which bergs could have radjated, since the glacier-covered mountains, if the 
submergence were appreciable, would be too small to furnish adequate 
quantities of drift-ice and too low to have a climate sufficiently severe. 

Its champions^ declared that accumulations resembling till were now 
revealed in the marine glacial clays recently elevated in arctic lands, e.g. on 
Kolguev Island,or dredged from the Southern Ocean where deposits 
with much glacial material cover a large area in the track of the icebergs in 
the south-west-^^^ Evidence which might serve to distinguish between the 
products of ice-sheets and floating ice was then both scanty and inconclusive. 
More recent marine e?£peditions have helped to provide such diagnostic 
material though little is known even to-day of the character of marine 
boulder-clays. Research in the Antarctic,^®^ where deposits of floating ice 
are best developed, has shown that typical glacio-marine sediments are free 
from lime and are distinguished by heterogeneity and lack of arrangement in 
the coarser constituents and, except near the outer part of the pack-ice, by a 
w’ant of stratification due to rapid sedimentation. They also lack the hard 
parts of organisms w'hcn under paek-icc but enclose them in great quantities 
at its edge where they build up globigerina and diatom oo^cs- 

Boulders, as in the North Adantic, are apt to be embedded vertically, 
while those collected from shore-ice* from bergs off FrariK Josef Land, or 
from Spitsbergen*® drift-ice are more definitely planed and polished on one 
sidt;,206 Floating ice, to judge from the floor of the North Atlantic, is unable 
to produce till-like aceumulation®^^®^ Nowhere^ except perhaps in Ross Sea, 
has the bottom of the Antarctic seas a deposit resembling land-ice tilK^tw 
Thus it seems that while drift-ice prov ides the raw material of boulder- 
clay, fioe-till has a more homogeneous clayey basis and a more even texture 
with Dcca$ional traces of indistinct lamination; its embedded erratie^ are more 
uniformly distributed. The valves of its shells are often in apposition and 
enclose material exactly matching the surrounding matrix. Finally, the 
distribution, stratigraphical relations and surface expression are different.^0^ 
Perhaps the biggest obstacle of all is the absence of marine sheila from the 
drift, unless broadly the ice was advancing from the sea.^^*^ Attempts by 
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“submergers*’ to account for this are unsatisfactory and unconvincing. 
Gkcicrs, it was said, excluded the sea from the mountain glensor, re¬ 
ad vane Jng after the emergence, swept out the shelly drift they had previously 
deposited.Alternatively, the submergence was so deep that it reached 
the "azoic zone” postulated by E. Forbes^ in 1843 (this was before deep-sea 
dredging revealed a pelagic life) or was so rapid or transitory' that molliiscan 
and other life had not bme to establish itselfIn another v iew the seas were 
too muddy or too poor in vegetable life or too dark under their Lce-cover.2is 
The belief that the waters were freshened and chilled^'* is quite incompatible 
with the known exuberance and teeming life, especially of individuals, m the 
cold lateglacial seas (see ch. XLV) and in polar seas to-day 2it ; reaction cur¬ 
rents occur off ice-fronts,the isohalines are compressed in the return 
current, and the animal life is astonishingly abundant in consequence. Low 
temperatures favour a high gaseous content of the water, including CO^, a 
higher quantity of mineral nitrogenous compounds, e,g, ammonia, nitrites 
and nitrates, and a remarkable longie\'ity of life.^'® The amount of plankton 
is dso influenced by the sea-ice.^'' The absence of sunlight and other con¬ 
ditions create a winter plankton under the ses-ioe while about the edge of the 
ice there is a “spring colouring*’, i.e. an enormous amount of plankton, and 
In the open ocean a characteristic “summer" condition with less plankton. 
The unexcelled concentration of plankton in the Antarctic is the food supply 
of fish and directly and indirectly of seals and penguins and of the stupendous 
whale community. Pelagic foraminifera and diatoms are rare or absent from 
the bottom deposits beneath continuous pack-ice in both the Arctic and 
Antarctic^! but are found in great abundance about its edge and are so 
plentiful in the upper layers of the ocean that they often colour the sea-ice 
yellow. 

ITie lack of bored or barnacle-encrusted rock-surfaces or of true shell-beds 
and the rarity of pebbles bearing traces of marine action are equally at 
variance with the drift theory. Few erratics in the drift arc encrusted with 
barnacles 222 or scrpulae^^J or are bored ,2w these significantly being 
glaciated 225 or having their crypts filled, not with the surrounding till, but 
with fine sand rich in mlcrozoa. 

Finally, the arguments which combine to disprove the drift hypothesis 
establish glaciation by bnd-ice. 'That striae and roches moutonnees corre¬ 
spond exactly with those about modern glaciers makes the inference of like 
origin inescapable. The dominant surface forms of the drift are inexplicable 
on any other hypothesis-moraines down to sea-level display steep face which 
have never been submerged.2M Even the water-worn and stratified sands 
and gravels, which at first sight seem to countenance submergence are 
essential to the gUcial theoiy, since all the ice except a small fraction lost bv 
evaporation was inevitably converted into water at its dissolution, and even 
the evaporation fraction was probably more than made good by marginal 
predpitation.22T ^ ® 


3. Gloaal Theory 


Although glaciers were mentioned in writings of the ancients 220 and ^jje 
word glacier w-as probably introduced into literature as early as ircr- 22? fh- 
soentificstudy of gl^iers had hardly begun before the time of J. J. Scheuchzer 
(1707)—he observed the flow and stratification of glaciers and their transport 
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of debris — or indeed before de Saussure who towards the end of the i8th 
centiirj' added numerous facts to the then knowledge of Alpine glaciers as we 
saw on earlier pag«. At the beginning of the 19th century, G. Wahlen- 
berg^io caused almost as much to be known of the Norwegian ice; he 
observed the downward creep of glaciers., the origin of crevasses including 
the bergsehrund, the change from snow' to fim, moraines and icC'Seratches, 
and the turbid glacier-streams. Vet after the appearance of dc Saussure’s 
Voyages, with the noteworthy exception of the contribution by 1 . Veneta, 
the study of glaciers made little progress until the outburst of activily about 
the fourth decade of the century. This witnessed inv^estigations by Agassiz, 
Desor and others on the Aar Glacier and by Tyndall and Forbes in Chamonix. 
The years 1840 and 1841 are indeed memorable in the history of glacial 
research; publications appeared in rapid succession by J. Friibel, G. 
Godeffroy, C, hfartins, C* M. Engelhardt, C. Rendu, L. Agassiz and J. dc 
Charpentier, 

The retreat of the Alpine glaciers in the middle of the century (sec p, 145) 
led to a genend endeavour to survey them in detail; F. Simony mapped the 
Dachstcin, F. Seeland the Pasterze, E. Richter the Karlingerkees and Ober- 
sulabachferner, S. Finsterwalder the Gliederfemer, Gcpatschferacr, Sulden- 
ferner and Vemagtferner, A. BlQmcke and H, Hess the Hochjochfemer and 
Hintcrcisfenier, H. Crammer the Obcrgossenc Aim and A. Penck the Sonn- 
blick Glacier. A new phase began ivith the founding of the Glacier Com¬ 
mission of the Swiss Alpine Club in 1S69 and the systematic investigation of 
the Rhone Glacier (sec p, 141). 

An Alpine guide Deville early attributed erratics to transport by glaciers.^* 
P. jVIartel (1744) and M. Besson ( 1 78a) described lateral and other moraines232 
though the honour of first recognising their origin belongs to Bordier.23J 
J. A. DeLuc, N. Desmarcst and dc Saussure noticed almost simultaneously 
rfiat glaciers transport materialThe polishing and grooving of rocks by 
ice was discovered about the same time: it was made by N. Sererhard^^s in 
1749 and by other naturalists a little later.23(i 

Early phase. The glacial theory, like many other scientific theories of 
note, occurred to sever^ people at roughly the same time if not in quite 
identical form. The former great extent of the Alpine glaciers was deduced 
from striated rock-surfaces by K, Kastofer 237 1822 and from erratics and 
moraines be^'ond the ice by earlier naturalists. 23 ® J. J. Perraudiii, 23 '» a 
chamois hunter of the Val dc Bagnes in the Valais, noticed in 1815 the erratic 
blocks and the striationa parallel with the valleys and imagined the Rhone 
valley filled with a vast glacier as far as Martigny. He it was, as Forel^^O 
suggests, who imparted the idea to Venetz and Charpentier. Venetz, first 
attracted to the study of glaciers when called in as an engineer to design an 
escape for the waters (Merjelen See) they impounded, developed Petraudin’s 
idea in his Mtfmoire sur les variations de la temphature dans les Alpes de la 
Suisse of 18212^1: he carried the ice as far as the Jura Mountains. 

Charpentier ,242 seeking material to rebut the theoiy, w'as led by his own 
evidence to support it, especially in the classic publication of 1841 W'hich in¬ 
corporated his obser\'ations of 25 years. Completely establishing the former 
e.xtent of the Swiss glaciers, he constructed the first glacio-geographical map. 
His confirmation of the observation, previously made by de Saussure 2 '‘ 3 and 
others (sec p. 615), that the valleys directed the striae and erratics, showed that 
glaciation folloW'ed and did not precede the upheai^l as A^siz2+» had 
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assumed. J. Hutton anticipating all other workers, aJso grasped the fact 
that the Swiss glaciers had spread far over the plains, and Playfair2^ in 1802 
appealed to glaciers, “the most powerful engines without doubt which 
nature employs", for the transport of erratics. This he continued to do 
e\’en more strongly w'hen the close of the Napoleonic wars allow'ed him in 1816 
personally to inspect the erratics on the Jura flaAks, 24 ‘> 

ITie idea of glaciation was also propounded at an early date for north-west 
Europe, J, ^mark ,248 observed moraines, including Vassryggen 
("Esmark moraine”) at the mouth of Lyaefjord (the first moraine to be 
described as such in north-west Europe), planed surfaces and rock-Autings, 
features all reproduced by existing glaciers, thought in 1S24 that glaciers 
se\'eral thousand feet thick had extended out to sea and moved the granitic 
blocks now dispersed over Norway—S. Nilsson accepted this theory .249 
Eight years later, A. Bemardi^sa compared the north German erratics with 
those of Sw'itzerland and pictured the oountiy under the polar ice—the 
Siberian mammoths bore out the coldness of the climate, Goctlie, 25 J 
possibly independently but more probably relying on the conclusions of 
others, affirmed that glaciers had home the north Gcnnan erratics to their 
present positions. 

.As neither Playfair nor Esmark developed the glacial theory nor sought to 
strengthen it by additional fects, the theory languished: outstanding ob¬ 
jections were the requirements of a frigid climate and the demand for 
glaciers of continental dimensions. Its acceptance for north-west Europe was 
delayed by the absence of stony moraines and of glaciers readily 
for study. The clasdi with ancient doctrines and preconceived hypotheses 
and the "physical impossibility” of covering north-west Europe with an ice- 
sheet (a statement often repeated in later time) also retarded it. 

Moraines, probably because they are less striking than giant erratics or osar, 
were not appealed to as arguments. Indeed, it was only after the land-ice 
theory had been accepted that they were sought and mapped, the tracing of 
them on the plams, where they little resemble Alpine valley moraines being 
deferred to a much later date, e.g, about 1870 in North Amcrica.252 ' ^ 

Louis Agassiz. Though the conception of glaciation by land-ice origi¬ 
nated with Hutton, Playfair, Esmark, Vencta and Schimper, and its develop¬ 
ment was largely the work of Charpenticr, its popularising was due to the 
energy and powers of exposition of .Agassiz. 2 S 3 Others, however, drew the 
more important of the logical conclusions. Thus K. F. Schimper ,254 the 
poet-naturalist, was the first to suspect the existence of lee-shcets in the ice 
Age (Schim^r 25 S proposed this name in 1837)—Charpenticr dates the birth 
of the glacial theory' from the publication of Schimper’s poem Yet Agassi? 
c^e to be re^rded as the founder of the theory, notwithstanding his want 
of interest m the cause of the Tee Age and his crude catastrophic ideas—the 
Alps w^re raised suddenly through the ice-cover, broke through this and 
Create?*' pre-existing fauna was destroyed and another one 

ITiis great Swiss naturalist, who first studied glaciers under Charpenticr as 
a recreation from his work on fossil fish, gave his T}iscmn .urfancienne 

extenrmn before the des naiured 

on 24 July, 1837.2SS In this and in subsequent papers, 2 S 7 he pictured rh^ 
of ondcr • g,o« ico-shi 

north Europe simiUrly enveloped during a period of universal cold wffich 
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imprisoned the Siberian ™mmoth$ in ice. The pronouncement owed much 
to earlier miters though it preceded by a few years the first descriptions of 
the ^tarctic ice-sheet by J. D. d’Un'ille (1843). J. C. Ross (1846) and 
C. W ilkes (1848). 

This bold and novel conjecture was one of the most far-reaching and fertile 
in the history of geology—Danvin,^* writing in 1881, regarded it as the most 
striking step geology had made in the previous fifty years, It was indeed so 
vast ^at it met with incredulity or derision. Most of Agassia’s contem¬ 
poraries, including in Britain the overpowering authority of C. Lyeil, W. 
WTtcwell. H. B. De la Bcche, G. _A, Mantell, A. Sedgwick and R. L Murchi¬ 
son, all of whom advocated drift-ice (sec above), strenuously resisted it. 
Applied only to mountainous areas, like the Vosges 25 ® and'PyTencea,^^ 
French and Austri^ ,\|ps,^*i and Iceland, 2 i 52 its immediate results were to 
make the antithesis no longer the diluvial hypothesis and to narrow the 
contest to one between glaciatists and upholders of the drift theory. 

Polar ice-caps. Reluctance to accept the glacial theory arose partly from 
the extravagance inseparable perhaps from a new theory of this scope and 
magnirnde. Not only was the Alpine glaciation united with that of north¬ 
west Europe, as by Agassi a {he subsequently abandoned the view^wj^ 
North .America glaciated from Greeniand^®^ and the ice made continuous 
across the Nortli .Atlantic,^®*' but the w’hole glaciation was conceived as 
extending from “ hemispheres of ice ” about thcpoles. Thepolarorcircum- 
polar cap, the creation of Bemardi, was attractively simple; it was the most 
plausible form of an ice-shc«t. 

These polar caps feiund supporters in Charpentier^*'^ and Agassia^^^ and 
afterwards in many British and other geologiststhe hi ebrideSp for examplCp 
were glaciated from the north-west.By exaggerating the great cold, the 
caps even expanded into equatorial regions' 2 '^' as into the Amazon valley and 
^azil, Nicaragua, Jamaica, South Africa and Australia, or into a universal 
3h«t filling the ocean has ins,Like the deluge (see p. 617), they annihilated 
all life, necessitating a nevv creation,or drove it on to the low coastal plains, 
uncovered by draining away the sea to build the ice^?'^ (see p. 1355), Their 
melting produced the floods of tradition.^^^ 

These catastrophic extravagances, in so far as they had any evidential basis, 
rested upon the mistaken identity of exfoliation boulders or “nigger heads' 
w ith erratics and of desquamation surfaces with roches moutonn^ as was 
shown, for example, for Brazil. 

The polar ice-cap, though occasionally advocated in recent years,277 
especially by those who centre the ice-shects about a shifting poIe^TS (see 
p. 154a) and reduce the size of the ice-sheets to small travelling ice-caps, was 
relinquished for two main reasons. First, the .Arctic was not appreciably 
more Mverely glacierised than now since, as in north Greenland to-day, its 
precipitation was insufficient to nourish much bigger ice-masses.279 Secondly, 
the ice-movements, as given by striae, erratics and osar, were not everywhere 
parallel or from the north but, as was early shown for Scandinavia,2fif 
dive rged from a nu mber of centres or “ glacial radiants ".2a 1 The crucial dis¬ 
covery that striations proceeded northwards on the arctic side of the centres 
wp made in the north of the Kola I^eninsula and about the White Sea by 
W. B 6 thlingk 2*7 in 1S40 (the direction was actually from the north-west) and 
after a few years in north Scandinavia, tsJ Similar outflows were postulated 
by Agassiz from British mountains (see below) and were later positivelv 
40—Q.E, II ' 
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demonstrated from striae and erratic trains going northwards in the Ox 
Mountains of Irelandand In the Shetland Islands and Grampian Moun¬ 
tains of Scotiand,^®^ They were later established for the Vosges^ and a 
north-westerly movement over the Swiss Plain liad long been known (see 
p. 635)—the phMoTfiine antique des Alpes and the phemm^e errGiiqtir da 
Nord were distinct and separate. 

Comparable movements were discovered in arctic America much later; the 
transport in the Canadian ArchipelagOj^^ like the glaeiatidn of the northern 
part of the western Cordillera^®** and the flow over the mainland's northern 
coast^^^ w^as from the south. Erratics from the limestone outcrops of the 
arctic islands arc absent from the Laurentian countrj'^®'*^ w^hose northern 
coasts consist of Pleistocene sand and gravela few hundreds of metres 
thick, with ice-rafted boulders and only mainland materiah 

The view that the carry^ w^as invariably from the norths as implied in 
Murchison’'s term Northern Drift (see above) and frequently advocated 
for Britainled to several false determinations of erratics, 2 ®^ c.g, that 
Aberdeen granite occurred in Co* Donegal, Scandinavian erratics in Galloway, 
boulders from the Western Isles in Loch Linnhe^ and Kintyxe rocks In the 
Vale of Eden. 

A third and most con^Hneing disproof of the circumpolar caps, an obvious 
corollary of the t^vo already mentioned, was only discovered much later. It 
was then found that tl^e ioe in such northern lands as Alaska (see p. 720)^ 
Labrador and Greenland (see p+ 726), Spitsbcrgen+^^ Russia and Siberia, 29 ^^ 
had a northern as well as a southern limit, and, as G. M. Dawson and R. G, 
McConnell showed for Canada, shrank southwards* 

Switzerland. Apart from an occasional dissentient,the drift theory' 
was early abandoned for the Swiss Plain (Lyelt^^^ relinquished it after his 
visit in ^857) and had already yielded to the rival theory^ by the middle of the 
century when B. Studyr. A, Guyot, E. CoUomb and C. Martina realised the 
natu re of the great mora in ic ridges of north Italy* Charpentier's arguments 
and Studer's recantation did much to accomplish this, though Guyot^s 
detailed researches upon the erratic distributions provided the finest proof. 
By I racing the boulders to their source, he found the order of succession of the 
Alpine peaks was reflected on the Swiss Plain in parallel lines of erratics (cf. 
A. Jaecard's map of the lines of ice-flowHe discovered incidentally too 
that the great Helvetian ice was composed of several glaciers, each marked off 
from its neighbours by its erratics. E. Renoirfolloived the glaciers out¬ 
wards in the Dauphine and A, Estherpublished the first map of the Swiss 
moraines and areas of glaciation in 1845. The Chambery meeting of the 
Soct^te g^ologique de Fmttct in 1844, which Agassiz and Rendu attended, w it¬ 
nessed the final triumph of the theory' in Switzerland.A. Favre's map 
(1875) of the Swiss Plain on which the extent of the various glaciers (Rh 5 ne, 
.\arc, Rcuss, Limnat and Rhine] was indicated by different colours, and those 
of later times,together with modem Alpine researches, as in the German 
Alps^^^ and the Salzach, Enns and Steyr regions, have only senred to 
strengthen it. 

North-west Europe, Tht submergence hypothesis lasted in the Baltic 
region much later despite Esther's proof that floods produced entirely dif¬ 
ferent results from those in glaciated countries >0^ and the evidence of 
Agassiz, Charpentier and others that glaciers carry’ erratics and engrave 
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scratches indistinguishable from those of north-west Europe. Nearness to 
the sea and the seemingly incontrovertible evidence of submergence given 
by the shelly days readily ejtplain the tendency. Moreover, the strong faith 
which Agassiz's general lowering of world temperature and Ice Age demanded 
came less readdy to north European geologists than did the belief in a mere 
extension of the present Alpine glacier^ to their Swiss eontemporaries. 

Nevertheless, faith in the Peiridilauniskii Fhd and in the palaeocry'stic sea 
gradually waned. The difficulty of providing the waters^ the radially 
dispe^ed eiratics and diverging striae transverse to the morainic 
cornbined with the zoogeographical obser\^atJon$ of S. Nilssonin Scandi¬ 
navia, with the work of El. v* Post^12 qj^ moraines in O$tcrgodand in 18^4 
and the important paper of O. TorelPl^ U^S 9 } Sweden, and with the 
glacial researches of Rink^^*^ and others In Greenland, finally overcame both 
prejudice and honest conviction. They ensured the triumph of the theory 
in the Baltic countries.^An occasional dissentient,^i^ including A. E. 
Nordenskidld who never quite abandoned the drift hypothesis for Scandinavia, 
did not Seriously detract from the victor}^'s completeness. 

rhe conversion w^as naturally retarded in north Germany which had few 
striated surfaces but had shelly drifts and intererMsing erraticsand lacked 
the high mountains whence ice could have come. In this the diluvialist von 
Buch^^® w^as not without influence. Yet the glacial theory had its adherents 
like G. V. Hclmersen^^^ w'ho suggested that glaciers scored the Rudersdorf 
striae (discovered in 1836 by Sefstrom^2lj^ Johnstnip also interpreted 

the drift ridges in Schleswig-Holstein as moraines and the disturbances in 
Mden and Rugen as products of ice-thmst (see p. 257). O. Torell ,^25 vvho 
had studied glaciers in Switzerland, Iceland, Spitsbergen and GreenlandT 
expressed the riew in 1875 before the Deutsche geoh^die Gesellscha/t: the 
Rudersdorf striae smoothed the way for its acceptance^ Elis paper, sustained 
by that of A. Pcnck^24 later,, marked the turning point in the trend 

of German geological opinion. Belief in the land-ice became general 
though the compromise of an ice-sheet, now on land, now afloat, found an 
oci^ional exponent.It was strengthened by the discovery of striae near 
I^ipzig and at other places near the inner margin of the North German Plain 
and by disturbances in the strata, though these were not so interpreted in 
Germany until 1880.^27 

The theory naturally found root somewhat earlier in continental Russia— 
it w^ advocated, for instance, by Inostranzeff (1871), F. Schmidt (187a), 

P. Kropotkin {1876) and S. Nikitin (1SS6)—and equally naturally, perhaps^ 
was unable to displace the drift hypothesis in the Netherlands until 1881 and 
1S85 w^hen F. J. P. Calker ^28 postulated the glacial theory for that country 
and recognised the morainic nature of the Hondsrug. 

Eranee lay outside the glacial limits. Yet her geologists shared in a lively 
disputation on the origin of the Alpine and Scandinavian drifts; for as else¬ 
where opinion was divided: C. Martins and E. Desor^^^c* who with T. 
Durocher took part Ln the Spitsbergen expedition of 1838, supported Agassiz^ 
though Durocherfavoured the view of Sefstrom* The announcement of 
the discovery of a cold fauna in Auvergne and other places lent support to 
the glacial view'. Fal5an,^3^ w^ho with E, Chantre catalogued the erratics and 
striated surfaces of the Rhdnc basin,has well described, with literature, the 
glacial theory's progressive diffusion in France both before and after 6 April^^ 
1S46* when Agassiz’s lecture^^^ before the Sociite gdoiogique de Fruf^ce finally 
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gained the ascendancy for the theory in that country—de Lamothe^^® has 
recently (1930) postulated current$ of water for the transport of erratics. 

British Isles^ Agassiz who canie to England in 1840^ primarily to study 
fossil fish^ toured Britain with Buckland after the Glasgow Meeting of the 
British Association (1840)^ He communicated the results to the Geological 
Society of London in a paper On Glaaers, {jnd the evidence a/1heir hewing once 
existed in Scotlnnd^ Ireland and England. The Highlands, Southern 
Uplands, Lake Diatrict, Wales, west Ireland and ^Vlcklovv' Mountains had 
each their peculiar detritus and served as centrt^ of radiation. 'Lhey fed an 
ice-sheet that overwhelmed the land as in modem Greenland; he recognised 
striae^ as at Ballachulish and at Blackford Hills, Edinburgh,roches 
moutonn^ near Kendal, Loch Awe and Loch Leven, and moraines near 
Kendal, Penrith and Inverarj% The Parallel Roads of Glen Roy he inter¬ 
preted as beaches in a glacier-lake (see p. 464). Buckland followed Agassiz 
the same evening, November 4th, with a paper on the E^ddence of Giaderr in 
Scotland and the north of England in which he courageously recanted his 
diluvial opinions. The debate which followed was lively ^ and presaged the 
opposition the theory was to meet in Britain. 

Agassizes visit convinced Lydl^^^ that glaciers had debouched from the 
Grampians upon the Jow^ country of Angus and Darwin that striae„ roches 
moutorm^ and perched blocks were relics of ancient glaciers in Carnarvon¬ 
shire. Forbes noticed glacier-marks on the Cuillin FI ills of Skye^ and 
traces of glaciers were found in the glens of Argyllshire by C- Maclaren^ and 
in several valleys in south Scotland by W. Kemp*^^ 

A partial relapse on the part of some of his British adherents followed 
Agassiz's departure from Britain, Thus DaAvin 34 & attempted to show that 
bergs were able to make rectilinear markings while Buckland re-affirmed 
his original faith in dituvi^ waves and ciirrents as at least part eJcplanalion of 
the phenomena. A transitional phase ensued, exemplified by many writings, 
when land-icc and submergence we re made successive. The fi litish sequence 
was, first, extensive glaciation by land-ice; secondly, the ''Great Sub- 
me^nce"' during which the sea slowly or suddenlyrose to the upper 
limit of the shelly drift (see p. 630); and thirdly, a gradual re-emergence and 
ploughing out of the marine drift by a second set of valley glaciers. 

Reports by the Boulder Committee of the Royal Society of Edinburgh 
(Proceedings, 1S72-84)—the Soeidd hehitique des sciences naiurelles and the 
Socidie gdologique de France had previously appointed boulder committees ^50 
— reflect the gradual change of view respecting the mode of carriage of the 
erratics i earlier reports invoked ice-rafts, later ones local glaciation. 'Fhe 
conversion was accelerated by the reports of the Erratic Blpcb Committee 
of the British Association, published annually between 1S73 and 1913: they 
brought out the dispersal of the errat ics from certain centres. British opinion 
was slowly confirmed in its belief; mdeatones were A. Geikie's paper on 
Scotland {1863), J, Croll^s essay on the bouldcr-clay of Caithness 352 ^g^o) 
and first application of ice-transportation to the dispersal of Shap granite 
erratics^SJ (iSyi) and R. H. Tiddeman's first really decisive attacks on a sub- 
mergence of Engiand^^^ (tS7z). The glacial theory alone satisfactorily 
explained the phenomena in such mountainous areas^s^ as Scotland W'^ales 
Donegal and the Laie District as well as on lowlands e.g. Caithness' 
Holdemess, East Anglia, Vale of Clwyd and the Central Plain of Ireland 
While opinion was still unfavourable at the Glasgow Meeting of the British 
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Association In iSj 6 (the Glasgow Meeting following that %vhich Agassiz 
attended), the end of the centuryp thanks in no small measure to the advocacy 
of H, C- Lewis and P. F. Kcndallp^^^ saw the land-ice conception almost 
undisputed. 

Nevertheless^^ submergence has claimed recent adherents ; the nature of 
the boulder-clavt its included fomminifera and perfect shells have with other 
facts led to a resuscitation which increasing faith in isostadc oscillations has 
only encouraged. Yet only a ver>' small minority are so persuaded. With 
certain exceptions, such as the figure of about 20OQ ft (600 m) occasionally 
demanded,the depth now postulated is much more modest, Gregory 
its main advocate, suggested a 400-ft (120 m) submergence of central Ireland 
and others one of 500 ft {150 m) for Scotland at some time during 
the period, mainly 00 the etddence at Clava (see p, 1013), 

Although most of the early submergers " nm the shore-line along the limit 
of the drift in the south of England and left the southern counties dry, the 
modem tendency is to submerge these: Holst, 3^3 f^r examples $ubmerged 
them to 200 ft (60 m), A pre-Sicilian or early Pleistocene submergence in 
southern England (possibly about Nonvich Brickcarth time) of c, 540 ft 
(165 m) has been daimed on the grounds that erratics, among them pebbles 
from Devonshire, Cornwall and the MendipSp have strayed to Boards Hill and 
other localities near Oxford,^ erratics of augite picrite from Cornwall to 
400 ft (122 m) on the Mendips^^^ and a granite boulder from Cornwall to 
l>oo ft (1S3 m) on the South Dowtis,^*^ Drift-ice+ it is suggested^ passed up 
the Bristol Channel and through gaps in the Chi hem Hills into the Upper 
Thames (in the contrary^ direction to Croll's Great Baltic Glacier which over¬ 
rode southern England from the castThe tourmaline- and cassiterite^ 
bearing rocks were almost certainly derived from the Bunter pebble beds of 
the Midlands by ice moving southw'ards,^ 

In recent tirne too it has been claimed that the North Sea glaciation in East 
^y^gha was an episode in the middle of a marine transgression and that the 
tills of Holdemc$s were bid down in water as is implied by the presence of 
sodium chloride in inland bouldcr-cIays^^ and by the horizontal persistence 
of certain lithological characteristics in narrow horizons over a wide area and 
the interstratification of boulder-clays and marine sands, 

North America. Agassiz's influence was felt in North America mainly 
after he arrived there in 1S46 and applied his theory to the \Vhite Mountains 
and the Great Laits.^^ Though championed by his Sw'iss compatriots ,373 
the theorj' found only a few American adherents^'^^ and E, Hitchcockp who had 
early adopted it,^^^ following the reading of Agassizes paper in T^ondon (see 
above)> like Buckland in England, recanted ,^76 largely because of Murchison's 
criticisms and Lyell*s visit in 1841 and 1842,^^^ Yet J, D. Dana's advocacy 
in 1S55 and subsequent years led to its general acceptance, though it was not 
until 1867 diat it became univemlly recognised and was made the basis of 
field investigations. Its tardy recognition was partly owing to theological 
opinion and in part to the great uplift of erratics (see p. 370) and the 
absence of mountains in the centres from which these came. Nevertheless, 
North American geologists later became radical glacialists as their work 
usually Jay far from the sea. They grouped the drifts according to their 
arrangement and relation to physical features rather than to lithological com¬ 
position whicht because of the display of their structure in countless natural 
and artificial sections, has formed such a feature of British glacial literature^ 
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Yet the glacio-natant hypotheaia significantly retained^ even by such 
convinced glacialists as Dana and Agassiz^^®*^ for the Atlantic littoral. The 
shelly drift of Boston for example^ from which 55 different species have 
been now obtained, was regarded as proof of submergence until W. 
Upham,^^^ applying the conclusions of Lewis and others in Britain (see below)^ 
alarmed that ice had dredged it from the adjacent sea-bottom. 

Shelly drifts. Objections to the glacial theory arc few and are serious 
only in So far as our knowledge of the present ice-sheets is imperfect. The 
nourishment of Pleistocene ice-sheets^ it i$ said, is climatically impassible 
and their flow over irregular terrain (a difficulty frequently raised since 
Dnrocher^^ first did so) or over vast plains with little or no gradient or with 
reverse slopes demands powers on the part of the ice which* it is averred, are 
inconsistent with its known qualities. Even Charpentier was unable in hb 
later years to repress a feeling of unoastness concerning the glacial hypothesis. 

Shelly drifts (kitchen-middens have been mistaken for them^®^^) are vridely 
distributed in coastal parts of the British Isles, 'rhey arc found from Cleve¬ 
land to East Anglia,^®^ in the Cheshire Gap between the south Pennine^ and 
north Wales,and along the northern and western coasts of Wales from 
Anglesey to Pembrokeshire. In Scotlandthey occur in Caithness, Banff, 
Aberdeenshire, north of Berwick* Wigtownshirei Rhinns of Galloway and 
coastal Ayrshire and at the Butt of Lewis (see p. 1013). They are also found 
in the Isle of Man^^^ and in coastal Ireland* 392 : in the north-east between 

Lough Eoyle and CarlLngford Lough, southwards to Co. W exford and Co. 
Cork and at Glcnulra and Belderig^ Co. Mayo. Reports from inland 
localities (Naas, Roscrea, Maty^boroughp Greenhills and Ballinasloe) lack 
confirmation. 

Britain's classical deposits are east of [Macclesfield at laSo on 

the west flank of the Pennine Chain* at Gloppa near Oswestry^ at 1120 
(340 m)p and at the Three Rock Mountain, Dublin at 1200 ft^^ (366 m). At 
Mocl l"r\'faen ,397 the most celebrated of them all, the current-bedded shelly 
gravclst discovered by J. IVintmer*^^^ lie on the first rise of ground above tbe 
Mcnai Strait at laSi ft (r* 390 m) and contain many molluscs and foramini- 
fera. The history^ of opinion of this deposit epitomises British theories on the 
subject; floods, 3 W e.g. waves of translation* bergs,"^™ pack-ice,^^ coast- 
402 the sca ^3 and an ice-sheet (see belovv) have all been invoked. 

The marine shells of the British drifts, with the noteworthy exceptions of 
Kintyre and Clava (seep. 1013) where they form shell beds, are disseminated 
throughout sands, gravels or clays. Of the numerous molluscan species* 
Cypnna istandicn^ TelliVfi and Tunit^Ifa are perhaps the commonest—repre¬ 
sentative lists^ are those of Caithness, Aberdeen* Cheshire, Lancashire, 
Gloppa and Ilovnh* Foraminifera, referable to species of moderate depth 
and seas slightly colder than off-shore at present,are widely distributed,^ 
having been recorded from Ireland and the Hebrides in the west to C^- 
bridgeshirc in the cast. 11 valine in appearance and empty of mineral matter, 
they mingle with ostracods and sponge spiculesin sands filling the inner 
whorls of TurTiteUn an d cavities which Sa.xicav^ rugosa has bored. Nomonina 
depFSSSuta, w hich forms one^half of the specimens, and Polysiotneth striata- 
piinrtatii are the two most characteristic and abundant species. 2\ssociated 
w’ith the molluscs and foraminifera are the terminal joints of crab clavt's, ray 
and disc plates of starfish, spines of E^limus and Spatangm^ and occasional 
barnacles and serpulae. 
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The German drifts have yielded freshwater shellsj™^ and those which 
border the Baltic**^ from Russia in the east to Denmark in the west contain 
marine shells and foraminifcra. 

Shelly drifts have been discovered along the Atlantic seaboard of U.S.A. 
(see above) and of Canada^^^^ e.g. at Cape Cod, in Queen Charlotte Islandst 
and in the Sl LawTence valley, Foraminifera, borne by wind with other dust 
from marine flats tvest of the continent^ have been recorded from Saskat¬ 
chewan River and other places in the heart of Canada up to 1900 
{c* 5S0 m). Marine shells occur in clays and the underlying beds in Patagonia 
up to 10 and in boulder-clays in north Siberia,'*'^ 

CrolH^'* and Tiddeman^^^ were the first in Britain to assert that the shells 
had been dred^d up by ice advancing over the sea-floor. ^Hiis explanation 
was later applied by F* Jamieson"*!* Aberdeen and by T. and 

other? to the classical high-level sites mentioned above. The shells, as 
emphasised, were merely "shell pebbles” or erratics, like the trans¬ 
marine erratics with which they are assodated,^^ such as Lake District 
andesites, Eskdalc granite, Galloway granites and As Isa Craig microgranite 
found at Mod Trj’faen w ith other erratics of Welsh derivation- 
'l*hcir erratic nature is qvenvhelniingly proved: the bivalves ate seldom 
united or in apposition, the epidermis is rarely presen-^ed and the shelb are 
generally comminuted, often to mere **crumbs”. Perfect specimens are 
usually minute, like the foraminifera and the $mall gastropods, e-g^ Trophott 
and Fmus. Yet the long delicate spines of Polysiomelh cri^ia are finely 
preserv'ed in the drift about Glasgow'and diatoms and sponge spicules in 
that of Cape Cod."*^^ Sych perfection IS compatible with glacial tratLsport; 
for the enveloping sand, gravel or clay was probably frozen hard before the 
ice enclosed and carried them englacially.423 ^phis is conclusively demon¬ 
strated by the perfect shells, with uninjured epidermis, found in similar 
masses recently transported in South Victoria Land, in the smaller Arctic 
islands, and in Greenland and Spitsbergen -'^24 Fragile Cretaceous foramini¬ 
fera have been carried about 130 miles (t. aio km) from Canada to Montana.'*^^ 
The finely polished and striated stale of many of the shells and their 
attenuation into white streaks constitute further proof.Moreover, the 
shells are sometimes filled w-ith material differing fron^ that which surrounds 
them"*^^; those in clays frequently have sand under their umbos when in 
apposition or between the valves, while foraminifera often lie in nests or 
pockets of sand. 

1 he mingling of species of different temperatures also demonstrate? glacial 
transport from a sea-bottom. Cold and warm forms are intimately associated, 
as in the Isle of Man^^ ('*submergers" postulate variations in the depth and 
currents attending movements of the land'^^®) though the assemblage in any 
one locality, while often retaining the impress of cold conditions, may, as 
Forbes**30 noted, differ somewhat from that in an adjacent area or on another 
horbon. Thus the shelb at Bally rudder, Co. Antrim^ at Elic in Fifct the 
Basement Clay of Holdemess, and in the Scandinavian drift of Co. Durham 
are arctic"*^* in character while the assemblages in Caithness and in the 
Cheviot drift of Co. Durham and in the Boston drift of North America (see 
above) are w'armcr*^^ and may represent the sweepings of a preglacial or 
interglacial sea. Specimens pf different habitat and predilections are also 
interrmngled,^^^ e-g. freshwater and marine, shallow and deep water, shingle 
mud, Band and rock-haunting species. 
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Of similar import are the markedly southern or Pliocene shells of many 
British drift lockitieat'*^ e.g. Abcfdeieiishire (suggestive is the fossil iferous 
limestone of supposedly Coniine Crag age dredged from a submerged out¬ 
crop 80 miles (c. 130 km) east of the Orkney IslandsKintyre, Isie of Man^ 
Cheshire, Holdeniess+ Co. Carlow and the Wexford Gravels of south-ea$t 
Ireland,and the shells of the region of the north Italian lakes,'*^? Derived 
foraminiferap such as the Cretaceous specimens in the drift of Mecklenburg -^38 
and various parts of the British Islesand the Cretaceous bryo^^a of the 
Korallensand of Schleswig-Holsteinp^ provide confirmation. 

Shell-banks on the sea-floor were involved where ari ice-sheet crossed the 



sea-bottom or received acccssloiis from ice which had already done so. The 
distribution of the British $hdly drifts is ample proof of this (fig. 113) as are 
the well-rounded pebbles of Bome coastal drifts. e,g. Caithness, and Ae hieh 
percentage of clayey matter in their lower laycrs.^^ ® 

Conclusion. The vague surmises, crude generalisations, grotesque as¬ 
sumptions and uncontrolled phantasies of the infancy of geology have Given 
way to a body of well-supported inductions; the disastrous cateclysms have 
yielded to an ordered sequence of events. The glacial theory, at first onlv a 
working hypothesis, has by the most searching scrutiny and rigorous criticism 
been rased to the position of a fundamental doctrine of gcoli^. Though 


Fig, 113.—Diiiributioii of iht BriUBh ilwlly dnfti and their 
i^tkin t9 Lht invading kc. 
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not without its difhcukics, it exp]iin$ better than its rivals a wide range of 
phenomena and has behind it the cumulative force of a vast mass of evidence, 
Researches in Greenland and Spitsbergen are of the highest value in sus¬ 
taining jt$ interpretation of the v-arious complex problems connected with 
the Ice Age while tlie present Antarctic ice-sheet, almost as vast as that 
postulated for Pleistocene North America^ has removed the element of in¬ 
credulity which in some minds attached to so striking a theor>\ 
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PLEISTOCENE METEOROLOGY AND CLIMATOLOGY 
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postulate, c,g. that the continents east and west of the North Atlantic Ocean 
were alternately glaciated.ii that the poles wandered,^ or that polar wanderine 

xvas combined with continental displacement.''* 

1 o rwonstruct the climatology' tve require a knowledge of the distribution 
0 the chief meteorological factors, namely, templerature, pressure, precipita¬ 
tion Md air circulation. Of the last three little is known and the first, about 
untch so much has been written, is still only inadequately investigated. 
Although attempts have occasionally been made to draw isothermal lines'^ 
(sec figs. 212, a 13), our knowledge remains of a general kind; the Pleistocene 
temperature was so many degrees lower (see below), and the isotherms, as 
now, differed probably in latitude on opposite sides of the North AtUmtic'* 
(for the southern limit of glaciation was lo-ia'^C farther south in North 
America than in Eutnpe), as they did on opposite sides of North America 
where the two most important ice-centres were arranged from north-wxst to 
south-east following the direction of the present isotherms .'7 While the 
nature of the vegetation and the altitude of the snowline help to give some 
definiteness to the isotherms, these and other factors offer little scope to arrive 
at figures for precipitation, pressure and winds. 

Indirators of the climate are palaeontological, i.e. the flora and fauna, and 
physical, e.g. the snowline and periglacial phenomena. 


I. lower Temperatures 

A warmer period? It is contended that the glacial epochs were not colder 
but warmer than now,'* 'I’hus hippopotamus and other warm animals 
resided permanently in Europe and in great numbers throughout the Glacial 
period.*^ ; the animals that lived on the edge of the ioc-sheets were bigger than 
their living representativtis^o (see p. 79S); many New Zealand sp«;ics ciould 
L frost and the bottom waters of the present Mediterranean, 
which may serve as 3 Pleistocene minimum thermometer for this region,-^ 
have a temperature of 13'^C. The warmth was related to a different distri¬ 
bution of land and watere.g. an increased submergence in lower lati- 
tudK ,24 an open Arctic basin,^ or a higher solar radiation 7 * which nourished 
the ice by augmenting evaporation and precipitation. 

Paradoxically, the jVntarctic's greater ice-sheet of the past (see p. 735) w^s 
associated with a milder climate^7_/^ tuerait les glaciers. To-day, the 
snowfall is highest in summer (see p. 666) and both precipitation and glacieri- 
sation are heavier in tlic Balleny Islands than in the colder and more southerly 
South Victoria Land—^extreme cold reduces the humidity of the air and both 
marginal ablation and snowfall. A severer climate would merely induce 
greater sterility since the snow crystals, which in the present Antarctic stick 
together at higher temperaturcs.^e would be converted into ice and become a 
ready prey to the wind. '^The upper snowline was then higher .29 

Simpson^ estimated the .Antarctic temperature as 4®C above the present 
^d correlated this glaciation with wanner epochs in all quarters of the globe 
(mc p, 1549). The higher temperatures were attributed to a strengthened air- 
circulatton 3 * (see p. 676) or correlated with the earlier phases of glaciation, the 
present cold being referred to the later phases ^2 f/ndcr certain conditions, 
warmer winters will increase snowfall and encourage the gT0%vth of icis 
shecte^^; Ais is especially true of those regions where the winter temperature 
IS pnly a little beloiv freezing point. 

+1—Q.E, U 
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Nevertheless, this hypothesis is challenged by those who link the former 
Antarctic glacLation with diminished wind-velocity ^; with a lessened gradient 
of the rock-floor, occasioned by tectonic tilting^* or by gkcio-isostatic sub¬ 
sidence and an extniniarginai bulged*; or with a general strengthening of the 
cyclones which increased the precipitation and warmed the air so that the 
general lowering of temperature was not felt here.Others ascribe that 
glaciation in Graham Land, Tierra del Fuego and other southern regions to 
more intense cold^® which made the ice less viscous^ and, by expanding the 
area of sea-ice, caused violent storms to be less frequent, r^uced ablation, 
aided the growth of hoar-frost and slowly expanded the ice.'*® The great cold 
may have reduced the rate of flow in the central part of the ice-sheet which 
would therefore have thickened during the glacial epochs synchronously with 
glaciers elsewhere.'*^ Alternatively, the present Antarctic climate may be 
peculiar to that continent and due to its abnormally lotv snowline and excessive 
coldness.'*^ 

Although the lower glacial sea (sec ch, XUV) favoured more extensive 
glaciation in the Antarctic as elsewhere by reducing calving and melting, its 
responsibility for the greater Antarctic glaciation'*^ is unlikely; the configura¬ 
tion of the adjacent sea-floor and the signs of severer glaciation in the conti¬ 
nent's interior suggest it was merely a minor factor.*^ 

A moistor period? The Pleistocene, it is averred, was not only 
warmer but moister'**; it was a Pluvial period or Snow Age,^ glacial only 
where it was cold enough.*^ The heavier precipitation was related to the 
planet’s motion,'*® to vulcanicity,'*® to higher temperatures (see above), to 
stronger air-circulation (see p. 676) and therefore greater evaporation from 
the sea,^“ or to a lower level of the mountain barriers of Asia** (see p- 605), 
Alternatively, the earth's water-surface w-as greater Si or there were local sub¬ 
mergences like the Aralo-Caspian Sea that favoured glaciation in the Caucasus, 
Tienshan and Pamirs^^; a connexion between the Baltic and White Sea that 
drowned the plains of north-west EuropeS^; a flooding of the Sahara*5 (dis¬ 
proved by A. PoitielS® and K. v. Zittcl 57_the shdls about Timbuktu were 
introduced by man and those in Libya probably by birds and of the Plain 
of l^mbardy that nourished the north Italian glKiers^^; and the widened 
Bering Strait which admitted mrmer waters to the Arctic basin north of 
Siberia and enlarged the glaciers In Arctic regions.® Greater precipitation 
in winter, because of solar radiation an d a lower summer temperatu re due to 
heavy clouds, caused the glaciation of Siberia and central Asia,** It has been 
estimated “ that an average increase in precipitation of c. 45%, was a con¬ 
sequence of Milankovitch’s variations. 

This view of a moister dimate, which was plausible at a time when most 
geologists believed that maximum glaciation coincided witli widespread sub¬ 
mergence (see ch, XXX), has been more recently restated for Alaska,arctic 
Canada and north Greenland,*'* for middle latitudes,*? including South 
America and central Asia, and for Ivtlimanjaro, Java and the tropics.** Justifi¬ 
cation is sought in the retreat of the modem glacicts of Tibet *?;* the nature 
and distribution of the Pleistocene mammalian fauna,*® viith its iarge herbi¬ 
vores and implied abundant vegetation, and the survival of its Africo-^sian 
dement into ^e last glacial epoch®; the character of the molluscs in the 
German loess™; the w ider distribution of the mangrove in Pleistocene South 
America 71; the Pleistocene flora of Switzerland which, resembling that^of 
to-day. implied a depression of the forest-line by zoo m only 72 (cf p 1073) 
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and an oceanic climate with milder and more humid winters and colder and 
cloudier atimmers and the same mean annual temperature as now, 73 

It is further contended that the precipitation-maximum coincided with 
glaciation and vi"^ primary^'* ‘ that a maritime climate is essential for any 
extensive glacierisation^^ - that the Scandinavian glaciers would dwindle were 
cold currents to replace the present warm ones in the North Atlantic r that 
modern arctic glaciers lie mainly in regions of heavier condensation and of 
vs'armer ocean currents, as in Alaalu /7 writh. its annual precipitation of up to 
254 or even 48^ cm- Moreover, ^rther cooling would starve the Antarctic 
ice still further (see above); the Pleistocene ice stagnated during the retreat 78 ; 
and the precipitation at the centres of the Nordi American ioe-sheetT cast and 
west of Hudson Bay, would have to be raised since its annual amount in 
Labrador to-day is only 7-6-15*2 cm ,79 and in the >Vntarctic was no mm 
against the present annual figure of 40 mm ,^*3 oscillations of modem 

glaciers®^ (cf, p. 151J, tliy small Pleistocene depression of the central African 
snowline and the Pluv iai period of lower latitudes {see ch. XLI) strengthen, 
it is said, this conclusion. 

Precipitation is without question indispensable to glacierisation. Its in¬ 
fluence was essential in Siberia and in polar latitudes and can be seen in the 
following facts ^ i million cu, miles (r, 4 million cu, km) of water must be 
eyapomted to build the Greenland ice-sheet®^; 75-90% of the surface of the 
Canadian Archipelago is nearly free from snow at all seasons (V. Stefansson) 
and there arc no glaciers on other regions of deficient precipitation,®** in¬ 
cluding Labrador, e.g. the Tomgat Mountains over iSoo m hJgh, the interior 
of prinncll Land, the highest parts of Tibet and of north Greenland 

(this is a high-arctic desert so that plants are unable to live because of the 
scarce precipitation and the low humidit)' of the air during summer)—the 
annuaJ precipitation in west Green land diminishes as follow's: bi^N., 124-1 
cm; 64® 10' Nh, 65"4 cm \ 69* 15" N., tz cm; 72"" 45" N,, 21 cm; and 81® 41' 
N,, 10 cm — on Wrangcl Island and the New^ Siberian Islands, and at 
the "cold pole” of Siberia where the temperature at Werchajansk in 
January, 1892^ was —67-8^0®^ (mean January^ temperature — 5t-2^C) and 
more recently at Omaiko was ”-7t'3'’C There is no ice in central Spits¬ 
bergen and little in the south where a cold arctic current is inserted between 
the coast and the warm Gulf Stream waters—farther north, where the cold 
current is absent, the glaciation i$ considerable.®^ Moreover, in Pleistocene 
times, north Greenland (see p. 726) and parts of Alaska (sec p, 729) were 
without ice; the ice on VVrangel Island {r, 600 m) faJicd to reach the main¬ 
land®®; and the glaciation diminished northwards in Scandinavia where, for 
example, during the first phases^ the outermost islands at the Arctic Circle 
were ice-free.®^ To-day the glacierisation increases in Iceland into the 
moister south and in the Alps into the moister west. The conditions most 
favourable to glacierisation are found not at the North Pole but at about 75^ N, 
Latitude and especially in the r^on of the North Atlantic, e*g, Greenland, 
Iceland and Spitsbergen. The moisture of the Pleistocene climate in Europe 
is seen in the character of the tundra vegetation in the central European cor¬ 
ridor^ and in the swollen rivers,^^ though reduced evaporation» following 
upon the low temperature {together with melting snows and saturated ground, 
as in the modem Alps^^), may be the immediate cause of this—the ratio of 
run-off in Europe may have been increased from ^5-^30% to 6 €^-So %*93 

Nevertheless^ predpitation alone cannot explain either the Glacid period 
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or the glacial succession. To be the sole factor^ it would have to be exces¬ 
sively, almost catastrophicaily high.^ It could only induce glaciation if cold 
bwEred the snowline and brought the ground within its influence. Lands 
which to-day have heav^ precipitation or snowfall such as Hawaii, South 
Georgia, the Falkland Islands and Kerguelen (^vhich has one of the most 
oceanic climates in the world), had bigger Pleistocene glaciations.’^ More¬ 
over, mountains now relatively arid had only a ver>^ moderate lowering of the 
snowline’*; the present snowline is highest in arid regions,’^ is generally 
parallel with that of the Pleistocene {see below), and maintains the same 
interval above the forest-line’^; tundra and not forest inhabited central 
Europe” (see p- 1070); and the Pleistocene glaciers in their cros$-$eCtion$ 
were related to their fluviatile successors. 

Penck's objection that the firnfields of the central Alps, as Richter first 
noticed,ivere apparently no fuller during glacial time, though supported 
palaeobotanically*^^ and by recent calculations of the precipitation in the 
Pleistocene AIps^<^ based upon M. Lagally's formula (= io-zo% less), is not 
rigorously conclusive. Even had they been fuller, the neves might have left 
no trace on the steep faces of the cirques thinner ice may have been 

plucking and not abrading.Otily ^ small difference in height is to be 
expected becau^ the ice and snow levels converge into the interior,^^ as the 
nunatak region of Greenland demonstrates,^^ and the zone of maximum pre¬ 
cipitation is principally depressed in the marginal belt^” which had moat 
precipitatioiil^® {see p. 665). J. Maurer's observations * ^ ^ that very little 
unow falls during the sunny winters in the very^ high Alps above 3000 m, when 
unusually heavy' snows fall at lower levels, also secm$ to remove the basis for 
Penck^a assumption.il ^ Acscording to some botanists, this region, which 
a flond “ refuge” (see p. ^391}^ had in glacial times a smaller precipita¬ 
tion, a relatively w-arm summer and a strong Lnsoktion. It is, however, 
probable that the total precipitation w^as the same but was differently 
distributed. 

Primary fall of 5-7 C. Contrary to Penck's bdief^^^—he argued, for 
example, that the known maximum depression of the snowline (i200-1300 m) 
gave a fall of temperature less than is demanded (8X), and that the lower 
temperature w ould cause less evaporation and therefore condensation—there 
w as probably more precipitation during glacial time,i^* e.g. in regions as far 
apart as north Chile,^^^ equatorial Africa,^!® Siberia^ and Antarctica J 20 
'Eo what extent this was general remains to be discovered. ^Vhile no doubt 
primarily related to the changes which brought about the general coQling,l2l 
it was partly secondary^: tlie cold depressed the snowline into the zone of 
maximum precipitatioo (see below% induced condensation at lower levels and 
strengthened the air-circulation by steepening the pressure and thermal 
gradients (see p. 676). Yet the supplement was mainly fictitious: the precipi¬ 
tation was differently distributed (see above) and a higher fraction fell as 
snow'A^J 

The Glacial period originated in a worid-Aride fall of temperature^^J 
seasons Ibut especially during the summer months ($ee p. 647): the 
optimum conditions for glacier-formation are cool suntmers and lo^ng, snovAy 
winters.The snowline was universally depressed (see p. 652); the eastem 
and western aid® of the South American Cordilleras were, as now, sharply 
contrasted J 26 ; the glaciers had a similar distribution ^ 27 «the Atlas rerion had 
colder molluscs 12® ^nd Morocco tvas coolvT^^—miii\ here lived in caves. 
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Himalayan species spread to the high hUls and plateaux of Peninsular tndia^^^ 
and J?/imocew sond^icus, Bibos sQndaictis aiid eertain birds to Malaya 

was slightly coolerand the temperature of the inner tropics during the 
last glaciation tvas 23corresponding to a fall of c. 4®C; the Dryas flora 
was widespread in Europe (see p. 1066); and a rising summer temperature 
occasioned the ice-retreat (see pp. 647^ 1147). The Pluvial period was due 
not entirely to increased ralnfail but to lessened evaporation ass43ciated with 
lower temperatures.*.Although this may have caused the bigger volume 
of the Pleistocene rivers^^* (see above), it is not positively established that the 
reduction in evaporation which the acknowledged fall of temperature brought 
about was appreciable according to W, Knoche's tables. 

I'he amount of fall is given by the Pleistocene depression of the snowline 
as computed for many parts of the world (see p, 652) but moat accurately for 
the tropics!^* where it was 500 m. Using the commonly accepted lapse rate 
of 0'5''C for every^ 100 m (the anticyclones and their more frequent tempera¬ 
ture inversions may have lowered this ratio * 3 ^) this depression of tlie snowline 
gives a low^ering of only about though data for other latitudes give a 

higher figure since tlie extratropical depression averaged apparently 800 m,*^“ 
e+g* in south-west Ireland and near Cattaro. Estimates of the fall vary 
betw’een 3® and the inconsistency^ between them is explained by 

variations in latitude and altitude and by the sccondaiy effects, which some 
glacial!sts hold were responsible for most of the falL 

Corresponding figures are given by the displaced isochionaJ lines of 
Europe (sec p. 655) w hich yield (allowing 100 m or 0'5^-r^C for the 

low'er sea-level)j and by the trecHne in central Europe drawn on the assump¬ 
tion {not always acceptedthat the vertical interval between treeline and 
snowline remained constant (sec p. I07 i)p Confirmation is supplied by the 
Driftless Region of Wisconsin (see p. 727) which was below the snowiinCj 
although its mean annual temperature is now only 5“h^C; by the natu^ of 
the land flora and fauna, e.g. in the British Isles *'^^ and in Ca]ifortiial+^ 
(=11 ■ i^C): by the breadth of tlie marginal belt of the coral seas in which the 
glacial chill killed the corals (sec p. 1092); by the temperatur^ in Greenland 
to-day *^^ (= 7*C)3 by the contrast between oceanic and continental cliinates, 
a method used by E Probet and M, Semper and followed by A. Woeikof ■ 
and by Milankovitch's calculations*^"^ (= 

'"rhus while the early glacialists thought the change that caused glaciation 
was drastic (Agassi^s^^ spoke of a frissopt im-estre) later researches have shown 
(as C. Martins and J* D. Forbes first surmised*^^^) that the prifmry fall 
(^Vastfonomic displacement as distinct from tlie much severer fall the 
jce-$heet5 themselves induced (see p. 676), was relatively smalL The figure 
may have lain between 5” and 7®C so that the oscillation of mean temperature 
bettveen glacial and interglacial epochs may have approximated to 7—9'^C. 
Milankovitch's calculations (see p* 1544) give the reduction in the solar 
radiation during the summer half year as 4'^6"-5'‘^C in the temperate and polar 
latitudes of the northern hemisphere 

Its cflectivenessp The various elements which control climate are so 
nicely balanced that a slight alteration or maladjustment leads to serious and 
dLsproportionate disturbances. A small cooling, therefore, was able to pro¬ 
mote glacial conditions*since a fall of 6°C corresponds to about Soo miles 
(r. 13CX5 km) of horizontal movement — Charpentier*^^ thought that 700--S00 
cold and wet years like those from 1S12 to 18 iS would be sufficient to carry 


646 


PLEISTOCENE METEOROLOGY AND CLtMATOLOCY 


the Alpine glaciers and erratics to the Jura Mountdiis, and L. C. W, Bona- 
cina^-^ has suggested that the British Isles lie t^uite uncannily near reglacia* 
tion: a fall of i-j^C would puse snnall glaciers to form on Ben Nevis. The 
errectivenps of a depression only a few times that which accompanies 
Bruckner s period fsee p. 133) or lo-zo times the difference between the 
teiTip€raturt!$ at sunspot msxmuni and tfilniinum^®^ is suggested bv the 
r^ession of the present AJpine glacier?. These have shrunk within two or 
three generadons in a conspicuous degree (see p. 142), although meteoro- 
logical data hint at only a slight climatic ehange,i^® possibly because precipita¬ 
tion varies inversely at higher levels. 1 S'? Since the maximum advance of last 
»they have decreased in area between and and even a7*i 
in ^e case of the Paanaun,’*^ jjt depth, a» on the Mer de Glace, by ce m,’’? 
and in length by 400-500 m or even cjfceptionally 5-2 km,’® During diia 
withdrawal, tlie snowline rose too m in the French Alps’ll and 60-1 to m in 
the Eastern AI^.I« 150 m in the ZilJertal A|ps,i« zoo m on the Sonnblickkecs 
^*“*^*^* one-third or one-haJf the rise since the Daun stage 
of the Pleistocene retreat. Other figures,which differ among themselves 
^causc of aspect and other factors, are 50-70 m. 60-115 m and 145-210 m. 
The corresponding rise in the Himalayas (Nanga Parbat) has been co m’® 
^d m the Andes 15^2® in’® (see p. 151), The rise this centur^ in the 
Ben Nevis axca is probably about loo (see p, 15). 

^me glaci^iste, therefore, not surprisingly, have thought that the changes 
which induced glaciation did not differ qualitatively from those of Bruckner’s 
penods and merged into those of the plurisecular variations of historic time 
(see p. 150) and the pulsations of ever smaller amplitude that arc super¬ 
imposed upon them’®—during sunspot maxima and glacial epochs the 
mwdiona type of circulation was more frequent, during sunspot minima and 
mterglaci^ epochs the zonal type dorninated.m I'his view, however, has 
tmn ^ied on the grounds that the fluctuations during the Glacial period 
should have b«n ^eater and not least at the equator,’^’ that the glacial 
epochs, unlike Bruckner’s periods, were cool and relatively dry 172 and that 
the sunspot ^i^ty would have to be increased to an improbable extent since 
the effect Mh off rapidly as the relative number of $pots increase^J^^ 

The cwling was effe^ive because it lessened the evaporation on both land 
and SM, increased ^e percentage of snow in the total precipitation (see 
^ove), and lowered the snowline into the zone of maximum precipitation 
Onte formed, the icc by a reflex action accentuated this result: 'I'yrol and other 
^pine areas furnish example of greater glaciation due to the hemming of 
flow by physic^ barriers and the passage of high plateaux from below to above 
the snowlmei 7 J--the valleys l^ame " overgladerised" (Ger. iiberver- 
C J J ’ the ice lifted the surface regionally through some 

hundreds of metres, extending^ the ice far beyond what the climati? change 
alone justified; it augmentod the precipitation, cooled the air, steepened the 

i'"" 'he wind Velocities. 

I he amount of uplift ' depended upon the component heights and extent 
of the surfaces of the Stockwerke of peneplained surfaces. Possibly as Se 
as too m separated the snowline of the last glaciation in the British Isles from 
^at of maximum glaciation -. The ice and snow in summer cluSdX 

One mpottant factor can the vast oxpaoM of highly- reflecting snow and 
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which increased the earth’s total alfaedot^"^^ now estimated at 40^45% 
(forests and oceans, 3-5 %; fro^ren old snow, 70%: melting snow, 60%; ice, 
50 %; and cJoudSp 8o%), by possibly 3-4%, thereby depressing the worl d^s te m¬ 
perature by possibly 4^-4and, acting alone^ depressed the snowline of 
the northern hemisphere by possibly 600 Additional factors were the 

extensive cover of sea-ice which, though it may have diminished the precipi¬ 
tation,^®^ weakened the influence of the sea in middle latitudes — the air over 
a large floating ice-sheet is 20-30*^0 colder than that over a water-surface under 
similar conditions the low-ered sea-level which reduced the exchange of 
waters over the Wyvillc-Thomaon Ridge (cf^ p, 1536) and in effect made the 
land higher; and the shift of the Gulf Stream (see pp. 1093, 1536). In short, 
the find temperature in the glaciated countries was out of all proportion to 
the small initial cause (see pp, 676, 1072)^ 

The chilling ivas the more efficacious since it was felt mainly during the 
summer monthswhich were subject to frequent night frosts. Such sum¬ 
mer cooling lengthened the frost season^ reduced the summer melting and 
augmented the percentage of snow'. It is proved for latcglacial time by the 
varves*®^ of Scandinavia and North America and is suggested by the distri¬ 
bution of modem glaciers and by the following figures (in degrees C) of 
glacierised and unglacierised lands to-day*®®: 
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South Siberia, in the same latitude as south Greenland, is without ice 
although its mean annual temperature is c, 9°C lower, and north Siberia has 
glaciers only on its highest mountains, vis:, in. Saigan^ Chersky, Kamchatka, 
Anadyr and Karjak mountains. In the peninsula of Labrador even the 
tableland of the Tomgat Mountains (59* N. Lat.) which stands at 4000- 
5000 ft (1200-1500 m) nourishes only a dozen little cirque glaciers at present, 
though the winter occupies two-thirds of the year and snow' falls every month 
of the summerJ®^ 

Nevertheless, it may be that this lowering especially In summer, even w^hen 
combined with greater precipitation in winter and with the effeeta of the ice, 
cannot account for all the facts in our possession. The North Atlantic coasts, 
w'hose mean temperature now lic$ betwwri 8°C and o'^C and whose Avarmest 
month has tempertures of ly^C to ia*C, had then a mean annual temperature 
beloAV — io°C and a wannest month at freezing point.^®^ To explain this 
remarkable change and the deployment of ice-sheets over the plains of Europe 
and North America may require some factor additional to a general low^ering 
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of vvorld'tcmperature. Tho lowering, haw‘evcrf incrc^^d the precipitation 
(see p, 676) by increasing the evaporation (notwithstanding the diminution 
caused by the greater coldi^^^, by raising the intensity and life of the cy'clones 
(see p* 1134), and, in effect, by lifting the general altitude of the continents 
through gtacio-eustasy. The glacial epochs doubtless varied considerably in 
their coldness and moisture Penck’s glacial curt'c (see p. 919), for 
example, is not a pure temperature curve. 

Siberian climate. The problem of Siberia’s Pleistocene climate is par¬ 
ticularly obdurate. It turns very largely upon the Asian glaciation (see 
p, yao) and its cause, upon the conditions under whieh the Siberian mammoth 
lived, and upon the relation of this animal and its contemporaries to the layers 
of ground-ice (see p. 564). 

Mammoths roamed widely over north Siberia^®*' They inhabited almost 
the entire north coast, including Taimyr, Jan aland and the New Siberian 
Islands, and wandered eastwards as far as Manchuria and Kamchatka and, 
in smaller numbers, southwards to Lake Baikal and the Vilui River, Only 
one is recorded from southern Siberia, viz. near Nijni Udinsk, and none 
beyond the high ranges bounding the desert of Gobi on the north,though 
the carcases are much more restricted, only two, the Ides and Hertz mammoths, 
having been found south of the Arctic Circle (three of the four frozen 
rhinoceros carcases occurred south of this line) and most of them 250- 
500 miles (400-800 km) north of 

ITieir prodigious numbers may be gauged from the fact that in places, 
as Middendorfi^^ said, the ground is sown ” with mammoth bones and teeth. 
During the last 250 years, Siberia has yielded the tusks of at least 50,000 
mammoths —each tusk may be 4 m long and weigh 200 kg, though the 
weight lessens northwards as the animal became smaller (sec p. 80S). Its 
ivory, knoivn as far back as the 4th century b at pnsent supplying 

about 50% of the world’s ivory,mainly from the ivoty “mines” of the 
New Siberian Islands.l®^ 

Many conjectures have been made as to how the Siberian mammoths died. 
The early belief that rivers sw'cpt them down,l’® especially at spring floods or 
on the ice,l®* is readily disproved: the bones betray no sign of attrition; the 
animals throughout the tundra are frequently upright in posture ; the New 
Siberian Islands have yielded countless milk molars and an occasional milk 
tusk20®; and the northern bones and tusks are of a smaller race. Hence, the 
mammoths died where they lived.^“' Yet how they died remains conjectural. 
They may have broken through the ice when crossing stretms^oi or have 
fallen through surface snows^^ or into ice-crevasses, 2 C 4 3^ t^e position of the 
corpses, the broken bones and the frozen blood indicate—significantlv, fro:«;n 
carcases of smaller animals have not been found, only those of the mammoth 
and woolly rhinoceros which presumably were too big to extricate themselves. 
They may also have been trapped in mudstreams set free by the thaw'ing of 
the ice and frozen ground which a rich heath vegetation rendered invisible 
when the animals visited the river banks.^fS Thus there are clear signs of 
suffocation,^" such as the erection of the penis and the browTi coagulated 
blood that filled the blood vessels and fine capillaries of woolly rhinoceros. 

Death took place, to judge from the occurrence of seeds and the nature of 
the undigested food in the stomach, during the late summer and cariv 
auturan .207 Alternatively, the animals may have been overcome by a sudden 
climatic change^o* or overwhelmed by snow-storms,as their frequent 
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orient^tjon Ln a dt^fuiite direction, the state of their blood vc^ls and nostrils, 
and the stomachs dbtcnded uith food suggest.^ A mouthful of grass be- 
taveen the teeth of the Hertz mammothp not yet swallowedi proves that death 
was quite sudden 

The mammoths on the north coast are interbedded wih ground-ice^* - and 
arc associated mth " muck" or clays which contain pJant remains,^^^ e.g. Altius 
/rwiTfiVflw and Betula and ^vere formed subaqueously or subaerially by 
the decay of vegetable matter and the deposition of silt. 

Mammoth on the one hand and ground-ice on the other have led to dia¬ 
metrically opposite conclusions concerning the climate which even a belief 
in the mammoth's vddc powers of periodic migration fails to reconcile. A 
climate verj' like the p resent seems warranted since the fossilifcrous beds 
bear no sign of glaciation2is and the stomach and teeth contain undigested 
food and plants^^^ which include gtasses, sedges, young conifer bnmehes, 
small birch and vvillotv, wild thyme (Thymiis serpryttum), beans of Ojiytmpid, 
seeds of alpine poppy {Papun^er alpmum) and of a borca] variety of the 
Meadow Rue (Thaiictru7n atpfnum) and other species topical of th-e meadow 
flora of north Siberia to-day. I'he animals occurred in enormous numbers 
and are well fed, even over-fed. Their splendid physical state, as observes- 
tions^l^ on the physical state of the Spitsbergen reindeer show^ is quite 
compatible with the present floral and climatic conditions.^** The beasts 
probably kept to the neighbourhood of trees for shelter from the piercing 
winds and blinding blizzards and to be near their winter food supply. The 
frozen mammoths are found on the timbered banks of rivers and in a soil that 
nearly always contains fragments of trees. Bacterial decay was hindered by 
the cold climate and by quick interment in fine silts.^J^ 

Signs of a cold Siberian climate arc equally unmistakable; for the burial of 
carcases when life became extinct and their preserv'ation in an undecomposed 
and frozen state ever since ^^0 suggest a permafrost across 80 meridians and 
12-^0 degrees of latitude—putrefaction how^ever seems to have started im¬ 
mediately after the animars death and before burial despite the small pre¬ 
cipitation of the ti mc- In keepi ng w^ith this view' are the mammoth^s covering, 
as Cuvier emphasised, the floral exchange betiveen the arctic tundra 
and the Altaithe Alpine and snbalpine plants in widely separated moun¬ 
tains in China,and the discovery, the first made cast of the Baltic lands, of 
fossil arctic plants in 59'' 59^ N. Lat. on the Irtysh (see p. 1066)^ These floral 
distributions go to prove that the Siberian forests were once pushed several 
degrees farther south. ^ 

Most writers postulate a milder climate,^* possibly because the continent 
extended northw'ards in glacial time^^ (see p. 1357), and a climatic displace¬ 
ment of from 20-40* of latitude,^* The conclusion is based upon the 
following: plant remains, including the butternut (Juglans finerea fassitis), 
have been found in the lower part of the River ^Aldan in freshwater sands 
with partially fossilised trees and mammoth bones—the butternut, which in 
Nortii America does not grow' south of the isotherm of is found fossil in 
Siberia near the cold pole of Werchajansk^^^ - large trees, more than 6 m long, 
and comprising genera which need longer summers than now to ripen their 
fruit, seed and wood* have been discovered in Siberia^^^ and in the treeless 
Seward Peninsula of Alaskabirch, far north of its present range, occurs 
between tw o boulder-cbys at the northern end of the Ural Mountains the 

shape of the mammoth's tooth points to young and small branches of 
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conifers as food 233 —in summer, the Siberian mammoth vras probably a grass- 
eater 234 j fossil land and freshwater shells of species now living farther south 
have been found; and Loxodonta anti^uus, Mamtfiitihus trqgonihmh Elas- 
motherium sibiricum, Cemis eurycetos, Cartnim, sp., Patttkera spelaeus and 
Croatia spelata have been discovered in the lower Irtysh 2 35 —this is the only 
Siberian locality where Pleistocene animals that preceded the lategJacid 
animals are known. 23 S The charcoal found in palaeolithic sites in the 
Yenisei establLshes a climate no colder than the prqsent ,237 

Vast herds of mammoth and other animals (the New Siberian Islands in the 
far north of Asia have yielded mammoth, woolly rhinoceros, musk ox, saiga 
antelope, reindeer, tiger, arctic fox, glutton, bear and horse among its 66 
animal species 23 «) required forests, meadows and steppes for their sustenance, 
as P, S. Pallas, C. Lycll, J, F, Brandt, v. Middendorf and F. v. Wrangel 
observed, and could not have lived in a climate like the present (sec above), 
tvith its icy winds, snowy winters, frozen ground and tundra moss the year 
round. 

The warmer period may have been postglacial 2W or preglacial^^® — ^North 
American pines grew pneglacially in the lower Omoloi valley and in other 
localities (see p. 1087)—but generally belonged to the great inteiglacial 
epoch 241 follcwing the glaciation represented by the underlying fossil Ice, 
The climate was both l^■amlcr and moister^w as the exchange of the Altai and 
tundra floras (sec above) and the raising of Lake Baikal by 1000 m above its 
present level243 witness. This moisture was due partly to the Aralo- 

Caspian Sea2« (probably negHpble in Its action^*!) and the boreal trans¬ 
gression 24 * (see p. 959), but chiefly to a more general cause, including the 
passage of cyclones, deflected by the European and North American glacial 
anticyclones 247 which in Siberia travelled eastwards along the Atlanto-Arctic 
front. Tlic glaciation of Siberia and central Asia can only be explained by 
milder winters and cooler summers with heavier summer snowfall and less 
ablation. 24 ® The polar front of summer was intensified and shifted south¬ 
wards through some hundreds of miles 249 — v^inter precipitation tvas in¬ 
hibited probably even more than now. The piedmont glaciers, being higher 
and colder than the present land, caused increased precipitation upon 
them. 250 


2, 

Altitudes, The Pleistocene cooling is best measured by the Pleistocene 
snowline. This varied locally vvith the orographic conditions, auch as the 
lowering which the Adriafle caused in the Dinaric Alps,2Si and is only ascer¬ 
tainable from small peripheral glaciers or from those of the latcglacial 
phases .252 Ice-sheets, ill-defined in size and shape, defy any attempt at cal- 
^lation. In any case, as in the A1ps,233 they may hav^ had not a snowline 
but a snow'-xone, resembling that in the present Arctic (se* p 8} 

The snowline obeyed the present laws (ace p. 18). It rose from the poles 
to^vards the equator though most decidedly in the subtropics, the rise being 
not only gcnci^ but also in particular regions, c.g. Jugoslavia, where on 
inountains with unilateral cirques (east side) it rose from e, 1800 m in 
46 14 N. Lat. to r. 2300 m in 40" 58' N. Lat.i 54 it was domed over the 
mountains, e.g. m central Kurdistan 2SS ^nd in the Alps,256 indudine the 
postglacial stages ”, The nse, both cquatorwards and mountainwards^ was 
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Fig.^ il4,^Thc aldtudc of the Wiiirn bowline in Europe^ Asia Minar and North Africa. 
Line of Crc«Sei = July isotherm (reduced to present aea-lcvel). Linet of doci^ 

ooerecr and finer ™ limit of WDrm ice, J. Bddelp p+ jo-j, fijj. 3, 

beiow), Asia Minorj ^*5 central Kurdistan and In the Caucasus whose 
snowline both north and south lay 1200-1300 m higher in the east than' in the 
west. Figures from the German Mittelgebirge^*® display this ri$e very well: 
BlackForest,58o-650iti(9oor);Rh6n, 750Tn; Kara, 690-800 m; Erzgebirge^ 
950 m; Buhemian Forestp 1000-1 lOo m; RiesengebirgCj 1150^1200 in. In 
the north Tatra 2^** it stood at 1450-1600 m (depression 1000 m). 

The easterly rise throughDUt Europe and the Mediterranean region is 
expressed in the following attitudes^^: Vosges, e, Soo m; Auvergne^ r. 900 m; 
eastern Alps^ 1500 Hohe Tatra, eastern CarpathianSp Bosnia and Dalmatia, 
1800 m I Transylvania, 2000 m ] Mount Olympus* zzoo m; Lebanon^ 2500 m ; 


steeper and more pronounced than to-day.The line ro$e too from west 
to east in each mountain group in middle latitudeSp e.g, in the British Isles 
(figK 114) — it fell from r, 600 m in the Pennine Chain to 380-400 m in w^estem 
Ireland and possibly £0 roo m in the Outer Hebrides—in the south Car- 
pathians+^ 5 ^ Tatra,^"^ Balkans (see below) including the Dinaric Alps^^ and 
Albania,2A2 the Pyreneesp^^ the middle zone of the Iberian Peninsida^^ (see 
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and north-west Persia, 3300-3400 m or 4000 m. The rise eastwards and 
equatonvards in the Iberian Peninsula is illustrated by profilerand by the 
folio wing data^^^: Sierra de Credos, 1800 m in the west, 2000 m in the east; 
Picos de EuropCp 1400-15fxj m; Castillian vvatershed, 1S00-1900 m; Sierra 
Nevada, 2400-2500 m (or 2850-2950 m). The height in Corsica was 
f. 1650 in the central Apennines c* iSoo {southern Apennines^ 
Cr 2000 m), in the Atlas MountainSp 1900-2200 The Balkans betray a 

similar rise 276 : Montenegro, 1500 m ; Rila Mountains, 2200 m. The 

rise continued through Asia^^^ except in the east, c.g. Kamchatka where 
it rose into the interior. The snowlme in the United States, as is revealed by 
cirque-floors (set ppn 17, 296), descended both northwards and seaw'ards. 

Depression of snowline^ The $nowline was everj-'where depressed. 
This important fact, first recognised by ¥. Simony in Salzkammergut, ivaa 
elucidated by Penck’s European studies 280 * Bruckner and later investigators 
proved its universality*^®^ In estimating the amount^ it is to be remembered 
that the strong development of drques. inherited front the Ice Age, depresses 
the snowline to-day, e.g. in the Alps ,282 ^ this and other areas during 

the last glaciation 28 J when compared with prcglacial time* The amount, 
contrary to earlier assertions ,204 uniformIt decreased in the 

middle latitudes of the northern hemisphere from the oceans into the conti¬ 
nental interiors, botfi in the Old and the New World, and was least in centra] 
Asia and the Crrcat Basin of North America. The increased value of the 
earth's albedo (see p. 647J in arctic latitudes may have been responsible for a 
greater depression there ,286 though it seems more likely that the depression 
here was small, partly because of the small precipitation and because the 
snowline is already yerj^ low (see p. 15) ^ that only a slight depresston would 
push it to the limiting level of the sea -287 amount may have been 

C- 3^®""hoo m in arctic latitudes, 600^-900 m on equatorial mountains and 
900-1200 m in middle latitudes. 

In the Alps ,288 where the present snowline i$ principally known in the inner 
and the glacial snowline only in the marginal Kone, the line was depressed by 
1300 m durbig the Riss gbdation (Wiirm, iioo-izoo m; Buhl, 900 m; 
Gschnit2, 600 m; Daun, 300 m). The lowering in the British lales^^s 
Black Forest 290 was c. 1200 m; in the Atlas Mountain8,29l 1300 m; in the 
Sierra da Estrela of SpaEn/®2 1100 m; in the Pyrenees 1200 m in the w'cst and 
700 m in the drier east^^^; in the south Carpathians 29>4 850^50 m (present 
1650^1850 m); in the Hohe Tatra ^^5 and Rila Moun¬ 
tains, 800 m {present, 2900-3000 m; gtaeiah 2100-2200 m)* in Greecen^^ 

1 tzoo ni; in the Balkans gcnerally,298 1000 m; and in the Apennines2^ 
at least 1100 m and possibly 1300-1400 m. In the Caucasus,^ it lessened 
eastwards in accord with the general tendency for these latitudes (west, 
1200-1300 m; north, 1100 m; centre, 600-700 m). In west Turkestan and 
north-west Persia Jt was 700-1000 and in Asia Minor about the 

same,^2 

In the Himalayas. 30 J the amount was c. 500 m—alternative figures^ are 
first glaciation i(^ m, second glaciation 1500 m, third glaciation 1400^ 
1500 m and fourth ^aciation 900-1000 m^in the Karakoram Mountains 3 C 5 
600 m, the Pamip^ 5^ m (1500 m ?). central 'rienshan, east Pamirs and 
west ni,307 and in the diy interior chains aoo-too 

Kucn-lun™ 600-800 m, west TienshanJlo 600 m (1200 1400 m’) -Uai^” 
600 m (900^50 m?), Russian Altai Soo-900 m (laoo m?) cast Altai»» 
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1^00^1700 m (Wurm: 800-1400 m), west China1200 Kamchatka 
!ooo m, Japan^^® and Hawaii yoo^cso m. 

North American figvres are not readily ascertainable since few glaciated 
regions are glacierised; they include the Sierra Nevada and volcanic peaks 
of Oregon, the Cascade Mountains of Washington^ and the highest summits 
of Wyoming and Montana — ^they give a lowering of about &00 In the 

Andes, 3 ^? the figure v'aried betw^een 700 and 1250 m and in xA,ustralia^^ 
between 900 m on Moiiiit Kosciusko and 1500 m in Tasmania* 

The depression diminished eastiv'srds in each mountain group. This h 
exemplified in the Pyrenees, Caucasus^^^ (diflferenctp 300 m), Dinaric AIpSp^^S: 
Hiniidaji'as, Altai and Feghan Alai (600 m in west; 400 m in east). 

To these two laws^ which Partsch^^"^ detected for Europe and F. Machat- 
schek^^ extended into Asia and North America^ Penck ^26 added a third, 
namely^ that the tropical depression was smaileri probably because of the 
strong summer ablation. In equatorial Afrid and the Cordillera Real it wds 
500 m, 3 ^^ a figure probably representative of the tropics in general,since 
it w‘as 4QO-500 m in Peru and Ecuador^^^ and in central Americain 
to"' N. Lat. (IxtaccihuatlT^^i 800-900 m). According to others,the dis¬ 
placement of the snowline in the moist tropics was veiy large^ namely^ 



Fic, us.—The present fupper line) and WUrm snowline (lower line) in the Amcnoin 
Cdrdillcru. [, RcM:iky MoLmtama: a, Mc^ko L Sh Pan,de Ai^car; 4i llinuinj; 5, ChJorolque ; 
6, Atacama. p. :J35. 15'i (after F. ECIiiIe). 


1200 or 1300 m. R* SpitaJor,^^^ from astronomical considerations, gave it 
as 800-900 m. 

KIute ^34 discussed the depression vary fully; hia diagrams were taken 
along three approximately equidistant meridians; Curves C (fig. 115) and D 
are along the western and eastern sides of the American Cordilleras. 
He estimates the snowline in the Arctic at 600 m, in the Antarctic at 
a few' hundred metres (very uncertain figures)* between latitudes 45*^ and 60“ at 
1000-1700 m, and in the subtropics at 4oc^6oo m, with 600-800 m at the 
equator. I’hese figures ignore the fall of sea-level of r. 100 m and assume 
that mountain ranges have maintained the same height, w'hich in many 
cases w’as not so (see ch. XXIX)^ for example^ in the Alps,^^^ Iberian Penin¬ 
sula,^^* Pj'renees^^^ (probably), Anatolia and the Sierra Nevadas of North 
Americ3.^39 Earth-movements took place on such a scale that determinations 
of Pleistocene snowline altitudes which ignore them ignore a capital factor. 
ITius Pleistocene earth-movements explain why in the German Miticlgebirgc* 
in the Mediterranean, including the Apennines, Sierra Nevadas, Atlas 
Mountains, ./\natolia and the Balkans* as w'cll as on Ruwenzori and in parts 
of South America* only one glacial epoch and that the last is present— 
the traces of earlier glaciations* if they existed, may have been covered or 
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effawd by the last glaciation; why the Rias ts the Tnaxlmum glaciation in 
the S^iss Alps (see p. t04i)>^^^y Ramsay’s opinion (see p. 1537) inter- 
glacial epochs interrupted the succession-erosive forces required successive 
uplift to cause glaciation ; and why the earliest glaciation is missing from the 
Caucasus.^* 

Volcanic activity may also have disturbed the altitudes, e.g. in Jan Mayen 
(see p. 7 ^ 5 )> Etna and the Aleutian Islands, and on Fujiyama in Japan, * 

^ne of muumum precipitation. The depression was most in the 
moister regions”^ where the zone of maximum precipitation was at a favour¬ 
able height* The annual precipitation in a mountain range, as proved in the 
tropics and occaMonaHy outside them, increases up to a certain altitude and 
then diminishes 1 he height of the maximum depends upon the season 
the temperature at the mountain foot, the vertical lapse rate, the relative 
humidity, the height of the clouds, the relief and situation of the mountains 
and the strength of the insolation. The exact position is linow'n in few cases' 
It is^s than 1000 m in the tropia and about 1500 m in the temperate 
wne^^-Himalayas t3^ m Elack Forest 1300 m. Jura Mountains Sw m, 

'o ' *5«J-Jooo m and rises into their interior, 
c.g, Pre-Alp 1300 m, Mont Blanc 2500 m, and seems to reach the highest 
summits, pough the snow-free period lengthens into the less rainv pam of 

increase of too m in alti- 
mdc. In vmt Greenlandn ^ aooo-3500 m and may usually be 

^out 100^^ km within the ice-edge. On the western slopes of the Sierra 
Ne^of North Amenca it is at isot^aooo m^^e and is exceptionally high ^45 
in the dry air of the subtropics and the Mediterranean region* The zone of 
maximum siiowfall is generally Ingher than the zone of maximum precipita¬ 
tion ,350 possibly because of the lighter weight of tlie snow flakes, ^ 

A. Wagner, 3 Si who denies the existence of the zone for extra-tropical 
regions, awnbes the phenomenon to the action of rising winds at hieh dti 

snowfaJlL" ^ 

The importwre of ^e Mne in connexion with the Pleistocene snowline 
was strand independently by KJute 352 Paschingcr* 3 S 3 atter 

showed that when ^e snowline was bwered into it (the Alpine snowlinfis 
400^500 m higher 354 and IS only below it when the snowline i 7 ex 

’"I ^ ^ not merely a cooling but an added snLSl 

resulted which automatically expanded the flm and ice-surface and £seS 
the ablation. As soon as the snowline entered the zone, glaciation became 
decisive and ever-increasing surfaces passed into the reseiVSr. 

The polar snowline is now mostly below the zone but crews,-: ft 
and 65“ N. Lat* (or so" N. Paschingcr ecS thi 

with the snowlmc’s sudden jump in Scandinavia, <J.g Hardangerfjord 
no^ Nor^^-ay, 1500 m, and the similar one in the .^Sidea (fig ubl 1 

fall of temperature manifestly lowered the snowline bv 
accordmg to the snowline’s relation to the zeme.^s? 
lower rfdKJwo ho^o, i„ polar roBioor, lieele cCeTo™.?C" 
one occurred in middle latieudes nod near the coaats iher" Ae 
were reversed 3 S«—the Scandinavian and North American L =h 
situated just in this zone. Thus during the ^consb aW?!® 
snowline stood 600-700 m lower in the ftikv Mountai^^ 
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lower in the Cascade—&icrr<i Nevada*^®® The lowering in coastal districts 
induced drier conditions farther inland.^ 

The zone was favourably placed in the tropics but unfavourably in central 
Asia. The existence of mountain barriers athwart the ice which, as in 
modem Patagoniaand in the Pleistocene Alps (sec pp. 646, 717), raised 
the surface of the ice into the zone of nourishment had a similar effect. 

Apart from these general movements, the snowline was locally abnormally 
deprssed in territories peripheral to the ice-sheets since these created 
additional refrigeration (see p, 676). 

IsochionaJ lines and climatic displacement, Penck constructed 
for Europe an Jsochional map displaying lines of equal elevation of the snow¬ 
line, for both the pr^ent and the Glacial period (cf. fig, 7, p. 14; fig, 312, 
P* *^3)' The isocbional line (the term isogiatikypsf^^ is perhaps more 



FiGr [ 16.—Diagram of the :anawlijic (caiitinuoijs Itne) atd zon^ of 
maximum piecipEtatien (dot and dash) sn. iscandinavda 
Alaska (A) and Ticrra dd Puego {F>. V. Pasi^ngerp 
p. 37* fig. a. 


happily chosen) of JOOO m which to-day runs from north Norway to 
64* N. Lat. and leaves the Nonvegian coast in 59* N. Lat. was then pushed 
southwards by laoo miles (almost zooo fcm) to the northern edge of the Alps, 
south France and north Italy, leaving Europe in north-west Spain in 
40“ N, Lat. By an easterly shift through 1400 miles (c, 2250 km) it crossed 
the Ural Mountains in 62® N. Lat. The 1400 m line, now- in Sweden, lay 
during the Wurm glaciation in the Tatra while Cattaro on the Adriatic 
(42° 30' N.) had practically the same snowline as present-day south Norw'ay 
in 60“ 30' the equivalent of a latitudinal displacement of 2000 km. 

The glacial Isochional fines for west Bosnia and Herzegovina are in agree¬ 
ment. 3 *^ The isotherms moved through 13-15' of longitude ^ France 
was deeply influenced as is shmvn by the loess deposits and by the absence 
to-day cf true cave-forms from the west of the country north of the 
Garonne 3 * 7 ; and south-west Ireland had the climate of north-west Iceland, 
the western part of the Iberian Peninsula that of north Greenland, The 
cold front in winter skirted the west coast of Europe from Tromso to 
Brittany. 

The Pleistocene climate had the same harmony as to-day only a few octaves 
lower. 'phg world's climatic zones outside the regions affected by the ice- 
sheets persisted almost undisturbed. Tropical glaciers in equatorial Africa 
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and SoDth America, though larger than their ^uecesaorg, had the same 
oriemation.^^ 'Fhe present conditions were merely accentuated^^* in west 
Europe, Black Forest, Tatra, Balkan and Iberian peninsulas, Caucasus, j\sia 
Minor, Persia! Andes, western United States, British Columbia and Alaska, 
^I'ht difference between the nortlicrn and southern sides of the Pyrenees and 
Alps, and hqtvicen Sviitacrland and the Tyrol and Austrian Alps, just as 
noticeable,^^^ and precipitation, as now; increased northmrda in the Apen¬ 
nines The Britbh isles, with their low^ snowline and heavy precipitation, 
lay within the mfluence of tlie Gulf Stream,as did Norway—this is sug¬ 
gested by the ice-free strips in the coastal areas ; winds blowing in the same 
direction as notv fed the iCe of the Altai the ^varm Gulf of Mexico, with 
its strong evaporation, nourished the North American ice-sheet (see p, ^i); 
and deficient precipitation caused northernmost Greenland and the northern 
Rocky Mountains to be bare of ice as at present. 

The southern limit of the ice-sheets in Europe and North America co¬ 
incided w ith the mean annual isotherm of of to-day, and the course of 

the boundary of the ice in the U.S.A. brings out the resemblance benveen the 
Pleistocene and present climates (see p. 641). The most southerly local 
glaciers in North America were shifted from 37" 35' N. (Blanca Peak^^^j tQ 
34“ 14'N. (stc P- 731 )- 

TTie snoYhline in the southern hemisphere, which to-day for antipodal and 
climatically similar places is 300 m lower than in the northern hemisphere 
(see p, 167), betrayed a like relationship though the more or less permanent 
Antarctic glaciation tended to stabilise the climate nf its hemisphere. The 
existing pressure distribution was intensified without appreciably altering the 
distribution itself. Asia, like north-east Australia, probably had a monsoon 
climate, though a weaker one, since inblowmg winds were light and in places 
did not exist. Its anticyclone, which was possibly less strong during the 
interglacial epochs but much stronger during the glacial epochs — the semi- 
afid region north of China shifted south by about 4“ Lat.^^^was probably 
moved slightly southwardsand may hat-e coalesced with that of north-west 
Europe (set bclovr)* ^'he two major pluvial phases in south-w est Arabia, 
each divisible into at least two subphaws, may have been caused by a displace-^ 
ment of the nionsoon zone ^ss which in the Horn of Africa was stronger (see 
p. 1138). I'he south-east monsoon the rain-bearer in glacial iCuen-lun.^s 

'ITie icc-shcets and their glacial anticyclones made the temptiatc latitudes 
colder in the northern than in the southern hemisphero. Together with the 
cause which induced glaciation, they' compelled the subtropical belts of high 
pressure to approach the geographical equator (see p. 1137) and the thermal 
equator to move in the same direction.^Si' The movements of the latter may 
have been an important cause of climatic fluctuations in the tropicsface 
P-(t38)- ^ 


3. Glacial Anticyctotu^s and ffourUhnient q/ fcc-ahtcts 

Present anticyclones, i he mam departure from the present climates 
was in the accumulation of cold and heavy' air, the glacial ajtti cyclones, which 
overlay the ice-sheets more or less permanently as thev do now The anti 
cyclone above the present Greenland was proved for the south by Mohn and 
Nansen 3*9 and for the north by Peaty. Pricker’s suspicion that one 
existed over the .■\ntarcnc was confitmed by expeditions at the beginning of 
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the ^oth centuryit explains iltc more or less hoitiogeneous climstc in the 
Antarctic in striking contrast to the climatic variations of the North Polar 
regions. Thc$e modem iinticyclones, which have large temperature ampli¬ 
tudes on clear days»^^^ are demonstrated by the centrifugal winds. En¬ 
countered by all trans-Greenland expeditions and induced by gravitj' and by 
temperature invorsions,^^^ these winds blow often with great violence* as in 
the Antarctic bliK7.ards, and with impenetrable and opaque snow' storms. 
They extend as far as 200 miles {c. 320 km) outside the ice-margin — in the 
Antarctic the surface is swept bare in numerous places — and are strength¬ 
ened by the low-pressure systems over the Robs and Weddell Seas^^^ and 
off the coast of Greenland^® where 'Tjord-gales” occur and foehn i-vinds 
roar like a train down the main fjordsThey arc facilitated by the light¬ 
ness of the SHOW' in high latitudes and by the very low friction with the smooth 
surface of the snow which is less than that of the sea.*^^ They sweep the 
snow from centre to periphery, as Peary"*®* first noticed and Hobbs^®^ ex¬ 
pressed in his term, the centrifugal broom"". The amount so swept has, 
howeverp rarely been estimated and then only very rough !y^®^ because of the 
wide variations and rapid changes in drifting conditions and the impossibility 
of distinguishing between wind-drifted and newly fallen snow. In Ad^lie 
Land at least 50 tons of snow^ are carried from the ice-sheet across each metre 
of the coast-line during a day of heavy bltzKards*'*®'* and the quantity shifted 
annually by the wind on the Isaachsen Plateau of Spitsbergen may be c* 9 
million cm m.^^ In Dronning Maud Land the amount so removed is not 
large (Swithinbank^ 1955)- 

The anticyclones are demonstrated too by the westerly drift of the Antarctic 
pack-ice* as "noted by the BelgieSf Gauss, Endurance^ Aurora and DeuisMand 
expeditions and displayed in the drift of the Gauss'^ (^902) 2nd in the tracks 
of the DeutsMiind^^ (19*2) and (^ 9 * 5 ) Weddell Sea. 

Here* the drift b thrice as quick as in the North Pobr basin ^ and the 
cyclone presses the drift-ice against the west side of the bay* making this 
inaccessible. Near the Antarctic continent, there is a narrow zone in which 
the surface-current flow's westwards. Where this reaches eastern Graham 
Land, it is turned northwards into the belt of westerly w inds {see p. 193) and 
leads the pack-ice and bergs of Weddell Sea north-eastwards to Bouvet 
Island. Phis explains why the Antarctic Convergence {see p. 1094.) U 
farthest from the Antarctic in this region (50' xS. as against 60* S. elsewhere) 
and why Weddell Sea is the main source of the bottom waters 4**3 I'he 
boundary between the East and West Wind-drift in ihe *\ntarccic Ocean is 
shown in the text-figure {fig. 117). 

The autocirculation is further confirmed by the calms or vaiiable light 
winds in the centres of the iee-sheets, 4 ii both in Greenland and in the 
Antarctic w'here the snow'-surface is quite soft and tlie sastmgi are fetv and 
inconstant — thev do how'ever occur at the South Pole+ Return air-currents 
at high levels, as portrayed by the cirri, e.g. in Grecnlandj^i^ by the cloud 
banner and smoke on Mount Brebus^^ ^ ( 4^54 additional proof. Kites^ 

pilot-balloons and recording anemoscopes show^ that in both east and west 
Greenland outflow^jng winds arc ousted by incoming currents 4 *4 at heights 
of 750—3000 m and in the autumn even up to tn, and that easterly 

winds in the Antarctic reach the ceiling of the troposphere, but give way to 
south-west winds above ^ooo m 4 *^ — tlie tropopause disappears during the 
Antarctic winter. The upper ait-currents in Greenland have been interpreted 

4a—O.E, tt 
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as not symmetrical about the ice but as a continuous west-^ast movement,**^* 
The Antarctic's atmospheric circulation and its causes and effect are still 
only imperfectly knotvn. The meteorological data are available for only a 
score or so isolated localities on the periphery of the continent and almost at 
sea-level: observations have been made up to the present (tQSS) one or 
more years at about fifteen places on the margin, on three ice-bound ships 
drifting slowly , and for four subantarctic islands. Of the climatology of the 
Interior nothing is known for the southern winter half-year (March-Septem- 



Fig. 117. — ^Boundiiy bcTwrcn and wai 'wind-drifta in the Antarctic (da&h>iine}, with 

the Antarctic and Subantarctic (anti-boreal) convergences. G* E. R. Deacon, Ctl. C Gf 
II {iib), I9J», p- 7. 


ber) and no spot during the Antarctic summer has been occupied for more 
than one week. 

The extent, depth and permanence of the Antarctic anticyclone are matters 
of debate among meteorologists (sec p. 662). Some meteorologists (see 
p. 663) place the anticyclone only around the edge of the continent 
(W. Aleinardus, G. C. Simf^n) while others extend it as a thin layer 
(E. Barkow, E. Xidson, G. Grimmej'cr) or as a major feature (W, H. Hobbs) 
or break it up into several lobes or cells (H. H. Lamb), especially at low- 
index periods and m the “south-east comers” of the three oceans washine 
Antarctica, It is probably eccentric towards the Indian Ocean ‘*1 ^ and wedg^ 
like over Graham Land,**’* giving south-west winds with cold air on the east 
side and north-cast winds with warm air on the west side of this land 
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It fluctuates with the season,^' * especially in the region of Ross Sea, and as 
A, SupaiT^^O surmised wanders eastwards in winter and westwards in sum¬ 
mer ^21 at which season it also contTacts.^22 fnay be a recurring feature.'^^a 
The pressure falls almost imperceptibly from the anticjxlonic centre to the 
permanent lotv-preasnre systems controlled by the higher temperatures and 
low altitudes of Ross and Weddell Seas^-^ and the Southern Ocean betw'een 
50* and 65® S. Lat. where it is bounded on the north by the 740-min 
isobar at sea-level. The fluctuations of the polar front along this line explain 
the varied weather, especially of the many polar stations %vhich have been 
situated along the continenul margin. 

lliese glacial anticyclones are secured by the high altitudes of the land and 
arc connected, as laboratory experiments confirm ^“*25 ^vjth the snow's low" 
thermal capacit)^ and conductivity and high reflecting power, snow being an 
almost perfect reflector for short waves and practically a full radiator of long 
waves ."*26 This induces great cold. In Greenland, the marginal jsoncs are 
about o ®C and the fairly well defined “ central cold region first recog“ 
nised by A, de Quervain (191^)1 mapped by J. P. Koch (19J0) and W. H. 
Hobbs {194+) and characterised by wind velocity, fine dry snow, and 
fogs, mists and halos, is commonly —32^0 “* 2 * and exceprionally at Wegener's 
(the coldest place, both in the extreme and mean values, 
on tlic earth's surface) — 86*C| with an annual mean of -"3^*5 *Cp In the 
Antarctic, high altitude and latitude combined w ith the high albedo (especially 
in summer) produce the extremely low temperatures,such as — 5S'5'^C 
obserN'cd by Amundsen, —60- 6*0 by Scott, and —by Byrd on Ross 
Barrier and a mean winter temperature in the high interior of — 56-7^0. 
While the temperatures decrease in winter towards the pole,"^^* the region 
about the South Pole must be one of the coldest places on the cartli 432 though 
the **cold pole" of the Antarctic may be in Ncu-Schwabenland,^^^ whose 
highest point is in Si"" S. Lat. 0° Long. At the fringe, where the greatest 
contrast in temperature between land and sea favours cold winds, low tem- 
peraturc:S have been recorded ,434 (mean, — i3'9®C) at Cape 

Adare, —43-3*0 (mean, — ii-SX) in West Antarctica, and —4i-ci''C at 
Kaiser Wilhelm II Land; the bw-lying Ross Barrier is probably a sink for 
some of this cold air—the mean temperature in the middle of the shelf-ice is 

— 32*C—though the area is invaded by strong flow's of svarm air from the north 
and north-east 4 The mean April-Octobcr temperatures (southern winter) 
recorded were Snow Hill —17-9^0^ Gaussberg — i7^5°C; Cape Adare 

— 21 *4°C i Ross Island — 24'S*C i and Framheim —36-0^0. Full tables 4 ^ of 
monthly mean temperatures with annual temperature curv^es of the various 
polar regions bring out very clearly the influence of the ice-sheets ^ 

The meridional temperature gradients between 50* and 90* S. Lat, have 
in all latitudes the smallest values in summer (minimum in January), the 
highest in winter (maximum in July or August), more than r*C for evecy' 
degree of latitude. The greatest differences at all seasons are between 70* 
and So* S., i.e. at the transition near the edge of the ice-sheet, and are 
especially great between these latitudes in March and April when the sub- 
antarctic waters are wannest. In Januarj^, the isotherm of o'^C runs roughly 
along the margin of the continent and encloses ab million sq. km W'hile in the 
winter it encloses roughly twice that arei 4 ^^ gq, km). 

Glacial anticjclones invert the temperatures 4 ^« as Fricker^^^ predicted in 
1893, though the draining away of the cold air by do3vn-slope wmds prevents 
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the invemon air from becoming too thick. Clear skies, small humidity, and 
rapid radiation from the ice give alternations of inversions in the Antarctic, 
as in the Ross and Weddell regions, of up to 1000-1500 m, the upward rise 
being not uncommonly io“C and occasionally 19-5*0.'*^ The inversions 
explain the most unusual visibility which has led to such curious errors in 
Antarctic mapping+n and astonishing underestimates of distance. The 
temperature-inversion, which is fairly stable, is associated with winds whose 
velocity' diminishes upwarrh: and into summer and along the flatter 
strietchcs,'W2 33 the centre of Ross Barrier. 

The ice in the Arctic Ocean tends to produce an anticyclone and spread 
Arctic conditions in a broad zone about Its margins. Nevertheless, a 
permanent high pressure system does not exist, for cyclones, often intense, 
penetrate the region, especially during the cold period of the year. In 
summer, they accelerate the break-up and movements of the ice. 

Pleistocene anticyclones, Tutkow^ki postulated a permanent anti¬ 
cyclone over the Scandinavian ice to account for the loess (see p, 530)—G. 
Nathorst**^’ had already suggested an east wind. This view (occasionally 
denied**^) was developed climatically by Harmer+^s and Meinardus++* and 
has now become a glacial doctrine .+‘7 .Analogy with modem glacial anti¬ 
cyclones makes it reasonable. Nevertheless,' unimpeachable geological 
evidence is singularly meagre. The distribution and origin of the wind¬ 
blown loess (ch. XXVI); a^mnietrical meridional valleys In Galicia+^S- ^hc 
orientation of the Carpathian glaGicrs+^®: the drift of floating ice and its 
erratics along the south coast of England •'^ 0 ; the wind-blown sand on slopes 
facing east abme the infraglacid raised beach of Gower, south Wales; the 
westerly cariy by the wind of charcoal from palaeolithic fires, e.g. at Willen- 
dorP-^—each of these has been cited in support. 

Although an anticyclone most likely existed over the European ice creating 
easterly or north-easterly winds in summer and south-easterly winds in 
winter.^? its influence probably ceased but a short distance beyond the ice- 
margin. This agrees with ei-idenec from modern ice-shects,^^^ as H. Rink 
first noticed, and w'iih numerous observations from glacial Europe The 
very glaciation of thb continent is only possible w ith such molstur^bcarlng 
win^« 5 ; the Atlantic, m now, was the giver of the precipitation: southcrlj 
winds from the Bay of Biscay may have blown over the British fsies.'i'^e The 
snowline rose ea^a^s in Europe (see p. 651J and was comparatively loiv on 
the northern flanks of the Pyrenees and in the British Isles (see p. 651)' the 
cirques were disposed on eastern and northern slopes (see d aovi fmm th^ 
Ia>foten Isfands-*^ to Albania^^^ whose snowline tL where high LI 
stood jn ^c path of the westerly winds and fell where wide gaps gave ac 
cess^«; thegd/efi gxottques drifted eastwards up the English Channel^*! /see 
p. 11^). The distribution of the ice in Steiermark,«2 Iberian Peninsula-WJ 
southern Carpathians^fM and the AIps*^^ (see p. 715)—it is not feasible 
explain this by east winds, as Walther-^ tried to li^and that S the “ rirH 

.3 JS) .i. pumfXSrf 
the lecher &« volcanos (see fig. ,06, p. 53^) also prove westerly winds 
south of the loe^heet (cE p. 53^). Westerly winds blew all the S 

"’rt and over Europe’s southern peninsulas' 

which probably ^d ram at all seasons (see ch. XL) and were forested /see 
p. 1379) as m modern Patagonia, Alaska and New Zealand as weB I 
Coraica^^o and coastal iMgeria and Tunisia where their character and dSeZn 
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did not differ appreciably from the presen,t,"^^i These westerly winds fed 
the glaciers of the Apennine&H Balkans^ Caucasus, Asia IMinor and Turkestan. 

The anticyclone %vaa probably shallow^ along the ice-edge so that cold and 
north-east winds underlay moist south-Avest winds. Western cyclones 
with cumulus clouds had access to the corridor benveen the ScandinaA-ian and 
Alpine ice-masses,except in Avinter when it aass under snow and the Avinds 
were rcA^ersed (see p, 5J4). Above the inversion layer west winds replenished 
the ice. The soutliem limit of the loess in north Germany may give the 
boundar>^ between dry east winds and Avamn moist winds^^^; it fixes the 
width of the extraglacial belt, subject to anti cyclonic winds, at c. too 
though this figure has been raised to 70O miles (r. 1120 km) in central Europe 
and to 400 miles (c. 640 km) in North AmericiL^^^ 

North American conditions AA^ere indeed similar (cf p. 533)^ East winds 
may have SAvept across the front of the ice-sheet+ as the orientation of the 
pahas {W.N.W.-E.S.E,) of Iowa (see p. 519} and of the glaciers attest,c.g. 
in north Washington;, Idaho, Montana and Utah, though the channels cut 
by glacial melt-waters in Avestem North Dakota and Montana show that even 
here the plains Avere lesa dry and characterised by storminess and overcast 
skies,'^^^ Farther south, east Aiinds yielded to Avest winds. In the Great 
Basin^ the>' generated asymmetrical volcanic craters, threw up big beaches 
on Lake BonneA^lle's eastern shore and developed glaciers,"^^® mostly on 
the Avestern sidcs^ in the Uinta Mountains of Colorado, in the Sierra NcA^adas 
and Bighorn Mountains and in Ncav Mexico. 

I’he ver>^ marked line betAveen the ice and the periglacial region beyond 
created a steep temperature gradient and favoured a much more pronounced 
polar front AAith greater stability and extensionHence cyclones traATlledi 
along the front and caused changes of circulation more Avidespread thaji now. 
The conditions in summer resembled those of present Avinters as regards the 
dependence of the temperature upon circulation. 

In both the Old and New Worlds there undoubtedly existed seasonal 
fiuctuations of pressure and other distributions, and even fiuctuatipns of 
shorter intervals:*^^^ I'hc stom'i tracks SAvung poleAvards to the edge of the 
ice-sheets or over their peripheral parts and so contributed more to the 
nourishment of the ice than did the Avintcr storms Avhich were only re-- 
sponsible for the pluA iai conditions of lower latitudes. 

Nourfslmieat of Ice-sheets. Previous to the expeditions to Greenland 
and Antarctica and their evidence that anticj'clones cover the icc-shectSt it 
\va$ assumed, as by ^laury'p that the low pressures of the higher middle lati¬ 
tudes prevailed in still higher latitudes and on the great ice-fields. Only so, 
it Avas thought, could ample precipitation be provided to replenish these ice- 
masses. By disproving this assumption, the manner in Avhich the A’ast ice- 
sheets are nourished has been left obscure. Some Avriters indeed deny them 
permanent stationary anticyclones^-^: 11. II. Lamb states that this is true of 
the present Antarctic Avhich has cyclones over Ross and Weddell Seas, 
westerly Avinds Avhich blow along the coast and the cloud types Avhich include 
extensive upgliding frontal tA'pes. They also contend that alimentation 
under anticyclonic conditions is impossible^^—the stable conditions and low 
temperature and Ioaa' vapour content of the air are inimical. Others affimAed 
that tile Antarctic ice AA^as possibly discontinuous Avithin ils circumscribing 
belt'^^s or that central Greenland had only thin ice"^®*^ or was ice-frec» Avith a 
luxuriant vegetation'***^ — the Eskinios tliought supernatural animals inhabited 
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it and a niilitaty expedition, with field guna, was sent to subjugate the peoples 
supposed to teside there According to others, the Antarctic ice con¬ 
tinues to draw upon its Pleistocene resources and by its present retreat is 
approaching the equilibrium the existing climate demands."**® 

Nourishment, however, even in the centre of the ice ia fairly heavy. at 
the Eiimtte^ (70“ 54' N.; 40* 42' W.), the annual increase amounted to 
31 '4 cm of wateFi snow fell on not less than 5S % days in tho yeatj and 

the cloudiness averaged nearly six-tentlis. In other places in Greenland»the 
precipitation has amounted to 35 water and at the Ice-cap Station of 
H, G. Watkins {67° 3' N.; 41^ 49' W.) was considerable and hca^7 at times 
(but was not measured oontinuously). That it is very considerable is proved 
by the fact that notwithstanding the great loss by calving (see p. 185) the 
Greenland ice-shcet is practically in equilibrium.^s^^ 

Both precipitation and wastage arc slight in the i^itarcticp the loss being 
largely produced by calving. In Graham Lrand, shrinkage: is by ablatioOj in 
Ross Sea region by stan^ation. 

Nourishment piobably take$ place by upslopc cyclone,made possible 
by the displacement of the anticyclone,^**^ due possibly to atmospheric varia¬ 
tions over the whole globe.^**<^ While practic^y all the cydones of Green¬ 
land move along either the east or the w^est coast of the countryi.e. along 
either Davis or Denmark Strait^ some approaching from the west challenge 
the strength of the anticyclone and cross the narrower part of Greenland 
between 60^ and as JNlohn^^® first suspected, and through the gap 

between the two major ice-centres^ (see p. 75) where the physical barrier i$ 
lowest. Cydones dso enter occasionally from the cast and, like those from 
the west, appear generally to withdraw again to the side from which they had 
come. 3 w Deeper and higher cydones apparently very occasionally traverse 
the wide central as well as the narrow southern Greenland,generating a 
"total foehn”, i.e. a continuous barometric gradient and air current from 
coast to coastt and the clouds^ induding warm-front t>^pe5, that are never 
quite absent during a transect ional expedition. The summer pressure in the 
interior is as variable as at the coast and observations at Wegener’s and 
Watkin*s inland-ice stations show that warmer masses of air, vrhich raise the 
temperature by as much as 40° or even 50^C and sweep away the cold air 
skin (Kallhflhaui)^ flow^ over th^^e parts^ often w'ith a high velocity and with 
a complete change of wind direction^ so that the "central cold region(see 
p. 659) which is only 300-500 m deep 5 ®^ is impermanentOne $uch 
passed the we$t on 23 March, 1931, at 4 p.m., crossed the £ts- 
milte on 24 March at noon and reached the east on 25 March at 4 
It has, however^ been suggested that these disturbances are not sea-level 
pressure systems, which could not cross such high barriers, but higherdevd 
perturbations that overlie the surface cydones.^®^ The seasonal distribution 
of precipitation and synoptic meteorology prove that the anticydone is most 
disturbed in autumn and early winter.^®^ At Eimitte heavy snowfall 
generally coincided w'ith a rise of temperature^’^ 6^C). 

The north winds en^Xmntercd by Amundsen in 83 ® S. Lat. and the observa¬ 
tions by the whaling-ship Balnena may indicate that cyclones and anow- 
bearing winds also penetrate the heart of the Antarctic.^®® 

Meinardus,^^® in a view which has strong approval, 5 li maintains that the 
centre of the Antarctic plateau pierces the polar cyclone which on Ferrel- 
Hiidebrandsson's theory overlies the anticyclone; that the latter ha$ an 




Fig. 1 18 .~Dep rwisioti i«d« ovrr the Antarctic continent ahJ ai^inccni mm from * * FelinJi^ 
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5^ W. ™de«r>^hireaorthof 40 ^ S. H*H. Lamb, A. i^t.Mydr. 5c* iQSi, I. P- 

the knottn pressure distribution, the northerly ^vements of the clouds, and 
kite obser\"ation$ at the tnargiiis disprove this. TTiey estimate the 
cyelone’s height and the base of the " snow-suppIying cyclone above the 
plateau at lOOO m and art even higher absolute figure at the margin. Ine 
greater part of the continent may be immune from travelling cyclones,^ 
though depression tracks do sometimes cross the continent(fig, iiS). 
They probably fill up rapidly as they leave open water and lose energy. 

Hobbs’s view. Hobbs.s^^ though generally agreeing wiA thfi view 
expressed above, has formulated a slightly divergent hypothesis. 1 he cir¬ 
culation, he contends, is only anticyclonic if the cold surface is domed. \n, 
chilled by radiation and contact with cold or snow, slides ou^ar^ down the 
physical declivities under the influence of gravity with an accelerating velocity. 
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oscillator)' base and a centre towards the Atlantic Ocean and so is influenced 
by westerly, moistiire-hearing vvinds—blizzards have been encountered on the 
plateau. I'he anticyclone is shallow, not more than 2,oqo m high, and con¬ 
fined to a narrow' fringe. In central Greenland too it is probably limited to 
a layer near the surface and below the mean cloud height; pilot balloons at 
lhe‘Eismitte suggest its depth does not exceed 500 Hence, tlie 

ice-sheet is fed by winds that stream at high levels, either radially and sym¬ 
metrically inwards from the margins, as Hobbs and Wegener suggest, or east¬ 
wards steadily across it.^l^ 

Other meteorologists SI ^ deny that the .Antarctic continent anywhere pierces 
the anticvcloocithe extreme cold and outflowing w'inds on the central plateau, 
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The flow b not steady but in thermodyfianiic ''strophe” or “pulses" which 
manifest themselves in alternating calms and bibzards. Thse are caused by 
progressive adiabatic warming (by compression) of the air during its descent 
to the ice^ the flow along the surface gradually damping and finally stopping 
the air-flow so that calm ensues. The cool air once more becomes denser and 
acquires the steady acceleration velocity of bodies sliding on inclined planes. 
Blizzards are followed by a rapid rise of temperaturep a fall of snow and another 
ealm. 'Fhe strophs synchronise with the passage of a cyclone along the 
coast -** which sucks out" the air^ and are related in Greenland to the North 
Atlantic cyxlones^^^ and in the Antarctic to storms on the south Australian 
coast Hobbs illustrated the mechanics of the glacial anticyclones 
experimchtaJl ^ 

Although the anticyclone extends up to the tropopauaeSZZ — the indrjftp in 
the case of Greenland, is noticeable as far a^vay as Iceland, Jan Mayen and 
Spitsbergen^-^—Hobbs ascribes the snowfall to the ice-necdlcs of the cirrus 
and cirro-stratus which with stratus clouds are generally recorded above the 
ice,The needles are adiabatically melted and vaporised during their 
descent and arc precipitated as fine needles and snow as they melt the cold air 
above tlic iee; hencCp the overcast skies and falling ice-spicules of the Antarctic 
plateau and the relatively high humidity, mists and frequent “frost snow” of 
Greenland's interior.-^^ In his opinion, the cyclones penetrate Greenland 
over only about 100 miles (r. 160 km), and then only in summer, and instead 
of nourishing the ice cause its melting. 

Hobbs^s view seems erroneous for the ice-sheets are probably not 
nourished by such radiation and the outflowing winds are katabatic (*Mowti- 
flowing”) and independent of pressure: doming may result from and not 
cause glacial anticyclones which are unable to develop in spite of the great 
cold because of the constant drainage winds. The view fails to take suffi¬ 
ciently into account the small quantity of moisture over the interior — the 
Antarctic icc-sheet which better exemplifies Hobbs's theory than the Green¬ 
land ice-sheet is seemingly startled (see p. 461)—the Strength of the marginal 
winds, and the adiabatic warming of the descending air. The surprisingly 
high degree of cloudiness and its nature in central Greenland point to nourish¬ 
ment from douds and from rising air associated with cyxlones.^^^ The 
centres of elevation (“domes”) on the Grecnlarrd ice-sheet are also more in 
keeping with thb theory'.^^ 

Simpson^s view. Simpson who places a vast cyclone over the 
elevated plateau and an anticyclone over the other half of the .Antarctic which 
is at or near sea-level, explains the bad w^eatlier around the continental margin, 
not by a cyclonic procession, as some believe,^^^ but by deep and regular 
pressure waves w^hich, accepted by others,proceed outwards from the 
anlicyclone''s centre, with wave-fronts parallel with the coasts. These surges^ 
which force the chilled air to ascend and induce precipitation^ are traceable as 
far north as Kerguelen. I’hey cause blixzards if the pressure-curve is rising 
and calms and northerly winds when it is falling. The rektivelv warm air 
of the blizzards is attributable to temperature inversions and not to foehns ■ for 
the cold air of the inverted layer is replaced by the w-armer air from above "and 
the abnormally cold air of the calms between the blizzards is swept a wav and 
the normal temperature is restored. 

Strong radiation tools the air abnormally, especially immediately above the 
ice. The heavy air rabes the pressure towards the interior. The cyclone 
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al>ovc the anticyclone, which is formeU by the relatively rapid changes of 
vertical pressure induced by the cold, dense air, conveys air over the polar 
region from lower latitudes to supply the anticv'clone's outblowing winds with 
moisture. This circulation is normally slow and the air warms dynamically, 
so dis^solving cloud and producing cooling and temperature inversion* Im¬ 
posed upon those normal fmoweather conditions, w'hich in the Antarctic 
occur especially during the summer months, are the pressure-w'aves which 
travel more or less quickly outwards from the centre, altering the distribution 
of surface-pressure and introducing an air-motion w-hich is commonly ac¬ 
companied by forced ascending currents, 'rhese compel the cold surface air 
to rise and cool rapidly and precipitate its water-content in the typical 
Antarctic blizzard* Even after descending from the upper atmosphere, this 
air is in such a state that a forced descent of a moderate amount brings about 
condensation* While Simpson’s pressure surges have been accepted by 
some meteorologists,®^^ by other meteorologists they are thought merely to 
reflect the passage of ordinary fronts and depressions,®^ 

These divergent views about the way in which ice-sheets are fed show hO'W 
much uncertainty still surrounds this important question. Precipitation 
seemingly takes place in several ways, viz. at the irrargins®®® by adiabatic 
cooling, by mixing air-bodies of different temperatures, by warm air making 
contact with cold ice and by outside winds coming in j and in the interior®®* 
by moisture brought in from lower latitudes by cyclones which overlie or cross 
the elevated region. 

Marginal nourishment. The annual amount of precipitation in the 
heart of the -Antarctic is unknotvn and may be almost balanced by ablation ; 
at the South Pole it may be as little as 5 mm, 5 ®» though it has been estimated to 
be z cm®®® (ablation i cm) or less than 5 cm.®<* The annual groviith in the 
interior of Greenland S'*! is possibly equivalent to 30 cm of water or between 
33-6 or 36*2 cm, or a total precipitation of c 40 cm after the loss by ablation 
(calculated from Westmann’s formula) is allowed for: this is roughly the 
figure given by the rate of discharge of Greenland's bergs-S-^i 

'I’he annual marginal precipitation,®*® though much heavier, is neverthcle^ 
small, as it is in polar regions generally. Actual measurement prov^ this, 
as do the snow and ice-free areas and the dead ice denoting starvation*®** 
In west Greenland,®*® it is of the order of i m and decreases rapidly north- 
ivards: this is shown by the constant height of the snowline (c, 1400 m) in spite 
of the northerly fall of temperature. In the Weddell Sea area, it is 96*52 mm 
of water and on Ross Barrier 19® cm water®** j other estimates for various 
years®*’ were; Cape Evans 41 cm, Cape Royds 23 cm. Cape -Adair 36 cm; 
Gauss station 80 cm, Maudheim 150 cm, Charcot’s Graliam Land bases 34 cm 
and 38 cm, and at the Deutschland base 11 cm* The figure for the whole 
-Antarctic coast may range betvi'ccn 10 cm and 43 cm.®*® Variations are con¬ 
siderable; the precipitation is small on Gaussherg and on Adclie Land which 
have much ablation, is somcw'hat heavier on the low'er reaches of the outlet 
glaciers of the Ross Sea quadrant, and is relatively high ®*^ on the pack-ice 
and on O. Nordenskitild’s ice-terrace and other shelf and piedmont mass^ 
which grow chiefly from local snowfall. On the coast of Antarctica this 
extends to the neighbourhood of the Antarctic Circlet-dense stratus and 
cumulo-nimbus clouds accompanied by heavy falls of snow periodically 
extend inland for over 100 miles (c. 160 km)—and is due to the passage of 
frontal movements associated with the Southern Ocean cyclones and with 
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Simp$on's pressure waves {see above)* On Ross Barrier^ the net accumula¬ 
tion in regions loo miles (r* i6o km) or more from open water is only a small 
percentage of that occurring within 50 miles (t. 80 km) or less of open water.^^ 

From recent observations it seems clear that the ice-flow on the plateau, 
on Ross Barrier and in practically all glaciers is considerable, and that the 
precipitation far exceeds that removed by ablation and by wind-drift and 
suffices at least to balance the depletion caused by flow .551 Stagnant glaciers, 
such as the very sheltered Taylor Glacier and the Koettlitz Glacier which has 
a very limited drainage basin, are exceptional* 

The precipitation increases northwards. Glaciers on the east coast of 
South Victoria Land become progressively more active to the north 552 
glaciation increases in this direction from the Cape Adare region555 xq 
apparently (for this is contested554j a zone north of the Antarctic coast^55 
passing through Bouvet, the islands in Gerlache Strait and oflF Graham Land, 
and the intensely gladerised Balleny Islands. The marginal precipitation 
occurs orographically, by air-mass instability, from frontal cloud masses and 
in cyclonic situations. 

Antarctic ice grows in summer when the belt of sea-ice is narrowest, the 
air is warmest, the snowfall heaviest and the winds least strong, All 
expeditions have stressed the violent winter winds and the restriction of 
growth to summer* In Graham Land^^ss the winter half-year showed a 
decrease of a cm and the summer half-year an increase of 25-30 cm. The 
fine snows {cJmsse neige), which drift with the slightest wind and frequently 
fill the air, lodge in fissures or in the lee of rocks or of projections like Gauss- 
berg* 559 They build snow--borders or fringing or cliff glaciers In both 
Greenland and *Antarctica (see p. 90)* Much is blown out to sea. especially 
on the w^estem sides of Weddell and Ross seas, whose temperatures it lowers 
appreciably 5 ^ (see below). 

Early w^riters^^l were of the opinion that precipitation was not restricted to 
the interior but nourished the whole ice-sheet. Later, the importance of 
marginal snowfall during the Pleistocene was emphasised 562 ($ee p. 124). 
This snow^ may have generated secondary ice-centres 563 or produced low- 
ice-domes 564 w'^hich shifted and so caused the variations in icc-floTnv w^hJeh 
have been interpreted as icc-centres The snovv came from the centrifugal 
broom and from cyclonic winds, aided by steepened temperature and baro¬ 
metric gradients (see below). It w'as plentiful if the rnargin faced the &ea ^565 
as in the British Isles, Lofoten Islands and the North American Cordillera. 
In west Greenland to-day the zone of maximum precipitation occurs at about 
25C30 m A,S.L. and about izo miles (r. 190 km) from the ice-edge 56 ti fgee 
p. 654). 

The ice-sheetB, extended by the centrifugal broom and the lifting above 
the snowline, brought wide tracts into the zone of nourishment so that the 
fim and ice de^'eloped on a far bigger scale than the relief alone justified. 
This elevation of the surface and ita attendant changes accompanied the ice^ 
sheet's normal growth, especially if the ice-flow' was inxpeded in con¬ 
gested tributary valleys, at the mutual hemmings of flow, 3<7 or by barriers 
standing across the line of adi.'ance, as in Patagonia.^®® Within the Alpine 
glaciation.^® the Jura Mountains for example carried most of the surface of 
the Helvetian ice above the snowline. The low gradient of the trunk valleys 
compelled a vast surface to p^ almost simultaneously into the fim This 
resulted in very large and rapid advances \wth virtually no further climatic 
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change 570 and in a quick retiraJ or disappearance of the ice at the dissolu¬ 
tion,^^* It may explain the marked difference between the third (Riss) and 
fourth (Wiirm) glaciations on the Swiss Plain,572 

Limits to growth of ice-sheets, Icc-shccts are limited by several 
means. Occam slop their progreas through calving and melting, as off 
Pleistocene Europe and south-east Labrador; semi-arid plains, with their light 
precipitation, clear skies, dry air and absorptive dust, cause them to halt—the 
advancing Keewatin ice may have been held up in this way in the lee of the 
Rocky Mountains, 57 J and the northerly swing of the ice-edge in North 
America in 89-96'’ W. Long, and in Europe in 30-45* E, Long, may have 
been connected with the same factor,?^^ though but for the influence of the 
Gulf of Mexico and the Mediterranean the swing would probably have taken 
place nearer to the Atlantic. Unfavourable topography also arrests them, e.g. 
the German Mittelgebirge in Europe and the Appalachian Mountains which 
conspicuously indented the ice-margin In Pennsylvania. 

The ice itself imposes limits of a purely meteorological nature. While an 
anticyclonic circulation enables the ice to grow outwards to great dimensions, 
as illustrated in the expansion from Scandinavia to Britain ,575 the anti¬ 
cyclone automatically starves it and brings about its recession or even, as 
some assert, its extinction, 57 S Growth is restricted by the increased siae 
which hinders the incoming of cyclones, and by the higher reflecting power 
which lowers the temperature and thereby deprives the ice-sheet of moisture. 
A. V. Humboldt®^ early expressed the opinion that raising the surface above 
the cloud line limited the thickness of an ice-mass. Wastage is induced by 
expanding the ice radially and by the centriftigal winds which to-day in the 
Antarctic load vast quantities of snow on to the sea where It produces a wide 
girdle of solid floe. The broom acted ve^ powerfully in curbing upward 
gromh and may have equalled the combined effects of evaporation, sub- 
glacial melting and glacial discharge. 57 & 

Brooks 5TO attempting to discover the limit, found the critical radius was 
c. 100 miles (c. 160 km) for an ice-sheet on a conical continent with surface 
slope of I in 1000. Once this radius was exceeded the growth was rapid 
up to a radius of 250 or 500 miles (400-800 km), since the cooling produced 
by the ice was proportional to the square of the radius, but became slow 
beyond this. Many of the factors involved in this calcubtion are not amen¬ 
able to precise evaluation and the results are to be regarded as a qualitative 
generalisation rather than as a quantitative law'. 

4 . Ice-sheds and Ice-centres 

Eccentric ice-sheds. The ice-sheds of the bigger masses are almost in¬ 
variably eccentric; this has been established for Gmiiland®®® by the various 
transections and for the Antarctic 5 ** whose ice-divide may be near the Royal 
Society Range, possibly too-150 miles (160-240 km) distant. The Alps had 
a similar eccentricity, as is proved by striae, rock-basins on cols, and by the 
transfluence of passes 55 ^ from north to south, c.g. Grimsel, Gotthard, Maloja, 
Bernina, Simplon and Brenner, and of the passes into the Oetztai Alps. 
Thus the Engadinc ice crossed the Bernina and Maloja passes into the big 
Adda Glacier and by the Como and Lugano valleys into the Plain of 
Lombardy. 

The ice was also eccentric on Bear Island 5®5 (the centre lay not on Mount 
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Misery but on the plain)t in ^iovaya ZemlySp^^ Pyrenees and ceitlnJ 
Himalayas 53 * (erratics travelled southwards over the passes from an axis 
1-15 km eccentric), Peru and Patagonia, 5 *^ and in North Americaj^®^ as 
in the Selkirk Range and north of the present watershed in Labrador. 

The parting in the Scottish Highlands was east of the main watersheds®^; 
boulders of ^viisian gneiss from the Ben More range moved westtvards in 
Sutherland, augen-gnebs from die Conon basin was transported to Loch 
Broom, and granulitic Moine schist about Loch Maree was lifted to higher 
levels on the Torridonian and on the Cambrian quart2jtcs. Galloway, North 
Wales* Co. Galway and Cok Donegal supply additional instances in the British 

Isles 

Scandinavia 5^1 provides the classic example of an eccentric axis^ the Isnip 
of O. TorclL 59 Z Discovered by Horbye^^^ in 1857, it lay 130 140 km east 
of the present parting in central Janitland^^®^ at 150 m in Norrland and at a 
distance of zoo km where the mountains were lea,st continuoiJs+^^^ At some 
period, it was possibly farther east 5 ^ over the Kola Peninsula and Gulf of 
Bothnia. Its zone of uncertain ice-movement—roches moutonnees^ for 
example, are glaciated from opposite directions—approached the water- 
shed towards the southern end of the peninsula; south Norway had little or 
no eccentricity.^®® The ice flowed tvestwards and retroversely from an axis 
situated 300-600 m below the level of the principal divide against a gradient, 
as in Jamtland, of i in 200^®® (omitting the augmentation from isostatic 
depression). It engraved striae and moulded roches moutonnees facing 
w^tst, east of the main watershed, as was noticed by J. C+ Horbye, P. A. SiU 
jestrSm, B. M. Keilhavi and J. Durocher and later confirmed for various parts 
of Fennoscandia.*^ Erratics were moved against the slope, e,g. in Jamt- 
land,*^^ and even in places on to the highest summtts,^^ e.g. on Areskutan, 
1430 m with an uplift of lOOO m (eastern erraticsoccur at 1 Roo m in 'Fome 
Trask and at 1850 m in the Sareks region). The eccenmc ice mixed erratics 
from east and west in the strip between the watershed and ieeshed.*^ It 
glaciated the summits that project above the Fjeld and swept through the cols 
and gaps In the main Scandinavian watershed iKjol)^ e.g. Storlicn Pass 
(596 m) which carries the railway to Trondheim^ frequently converting the 
cols into U-valleys (see p. 332). During the retreat, it imprisoned east of the 
watershed, as in Lapland and Jamtland, a suite of glacier-lakes with strand¬ 
lines, osar and lateral moraines which incline towards the watershed (see 

^470)- , 

Common to all these eccentric iccshed^, save possibly that in western North 
America,^* is their occurrence on the inner or landward side of the principal 
partings—North America is not a real exception since the iceahed moved 
eastwards from the Coast Ranges and westwards from the Rocky Moun¬ 
tains.*^ Many reasons are assigned for this. In modem Greenland, for 
e.xamplc, it is thought to reflect the asymmetry of the suhglacial relief,«>’ the 
glaciation having begun on the raised eastern edge of the count ry.WS j^Rer- 
natively, postglacialstreamshavedisplaccdthe watershedsin Scandinavia, 
the Himalayas and Antarctica, But this is unjustified* 10 ; such forces as a rule 
have accomplished very little (see p. 50R). 

The eccentricity was more probably morphological.*! ^ The ice-divide 
was situated where the resistance to movement on cither side was equal. 
There was freer and faster discharge on the one side and resistance to flow oii 
the other. The resistance was either obstmeting ice, namely, Timan ice in 
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the case of Scandmavia^^^^ Scandinavian tee confronting the Scottbh 
and Scottish ice in Co. Donegal^ or low slopes, as east of the Coast Ranges of 
western North America or of the Scandinavian watershed, and reversed 
gradients, e,g. east and south-east of the Baltic and Gulf of Bothnia,^^^ 
Nearness to the sea facilitated the flow (the iceshed was bent to the east where 
the passage through the Scandinavian mountains was easy and W'as turned to 
the west where it was difficult^^^). Changes in the ice-cover of the North 
Atlantic may in some measure have influenced the shifting Scandjna\^an iee- 
shed during the various glacial phascs^*^^^ Calving also was a factor*^^ since 
it facilitated flotv: where calving did not take place, viz, in the North Sea, the 
ice extended much farther. 

Some climatic control was present, due to decreased ablation or in¬ 
creased precipitation*^^ in the east connected with the condensation as¬ 
sociated with a glacial anticyclone *20 vvlth wind transport from the w^est,*2l 
east or south-east*^ (see p. 533)1 or possibly wath the elimination of the Gulf 
Stream by the ice and icebergs of the Scandic*^—the circumpolar Southern 
Ocean made a similar action impossible in PatagoniaA^'^ Cyclones, with their 
warmer temperatures, may also have favoured eccentricity by easing the 
summer flow over the lands .*25 I’hc great expanse of the European ice-sheet 
to the south-east has been linked with the flow from Scandinavia and wath the 
precipitation by westerly winds in the central European corridor*^* (see 

P- 

HencCt eccentricity had probably a complex origin : writers have merely 
emphasised particular facets of the problem. Unfavourable subglacial relief 
ami opposing ice-masses on the one hand and ready discharge to the sea, 
with ablation, marginal melting and calving on the other, aided or modified 
by temperattiren wind and pressure acting upon the ice-surface> have all 
played their part. 

Evolution of Scandinavian eccentricity. The Scandinavian eccen¬ 
tricity may have been due to an independent growth over the Baltic *^7 which 
pressed back the glaciers of the watershed. Much more probably, it 
evolved from a mountain glaciation astride the 800 milc^ (r* 1300 km) long 
watershed* 28 ; for though striae and roches moutonnees of the early phase 
('*proteroglacial"*2^) are rarely preserved,*^ erratics including those of the 
earlier drifts prove such a sequence for instance in north Fenno$candia,*^l 

The maximum eccentricity is less certainly dated. Some refer it to maxi¬ 
mum glaciationexample, it was above the Gulf of Bothnia and the 
Kola Peninsula at this time and preceded itic lateglacial phase in ^e Sareks 
region. Others place it in the latcglacial*^^ or bfzgin it in the Daniglacial.*^ 
The question is partly bound up vrith that of the manner of the ice disappear¬ 
ance. According to some, the axis shifted vvest\sa.rds in the final stages,*^^ the 
ice breaking up into a network of glaciers as the divergent $triae and morainic 
arrangement appear to suggest. Yet it is more likely that the ice lay as narrow 
strips on the eastern slopes,*^* impounding lakes Avhich finally drained into 
the Baltic by Aftnfipning (see p. 470), leaving remnants in the valleys which 
were either stagnant*^^ or still capable of moveTnent^*^* As far north as the 
Sulitelma-Sareks massif, the last ice-remnant w^as unquestionably eccentric*^ 
and out of harmony with the climate—Norrland^s glacier-lakes persbted, it 
has been said,*^* into the postglacial climatic optimum though this w^as almost 
certainly not so. The south Scandinavian ice lay on the watershed and else¬ 
where only retreated on to this*^^ if^ in accordance with the generalisation of 
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E. O. Schiatz,**^ the snowline rose slowly as glacial conditions passed away, 
Indications in north Jamtland and Dalarnc suggest that there were two ice- 
divides in the final stages, one due to new' conditions, the other to conditions 
long past ,'543 

Migration of ice-centres. The more or less independent ic^centres did 
not quite synchronise in their development, culmination or waning. Waves 
of glaciation passed over north-west Europe and North America.®*^ The 
Siberian ice, increasingly deprived of moisture by the growth of padi-ice in 
the Arctic Ocean (which reduced the amount of moisture in the air) and by 
the Scandinavian ice to tlie west, probably shrank before the latter attained 
its maximum,®'** The Timan Ice preceded the Scandinavian ice as the drift 
succession in the Kanin Peninsula testifies.®'*® The Mindcl glaciation in 
Russia was Scandinavian in origin; the Hiss was influenced by the Timan- 
Ural confluence; and the WQrm saw a return of the Scandinavian ice.®^^ 
Lamplugh's East British Ice®'*® advanced at its maximum against the flank 
of the receding Scandinavian ice®'**’ and was in turn followed by the West 
British or Irish Sea Ice,®*® whose shelly drifts are overlain by Ivemian drift 
from Loch Foyle in the north to Youghal (Co. Cork) in the south.®*i 

This westerly transference of the areas of growth in north-west Europe had 
its North American counterpart, the centres also moving towards the North 
Atlantic, in this case eastwards, This view, suggested to R. Chalmers in 
1B90 by studies on striae, was developed by G, M, Dawson,®*^ who thought 
the drifts and boulder-trains east of the Rocky Mountains pointed to an axial 
migration from the CordiLlcra to the Laurent!an plateau, and by J. B. 
Tyrrell®** who said the Cordilleran ice attained its maximum earlier than the 
K^wattn ice and this in turn retreated hundreds of miles before the onset of 
the Lrabradorean ice. In his opinion, each centre also shifted slightly to the 
south-east, as in the case of the Keewatin ice, though A. ?, Low®** detected a 
north-westerly movement through 350-400 miles (560-640 km) of the 
Labradorean ice—later writers*** have found evidence of a shifting of the 
ice-divide in the later stages of the Labradorean glaciation. 'I'he Iowan 
glaciation has also been credited to an eastward grovrth.®*® 

Levereit,**^ from morainic lines and overlapping till sheets in the Middle 
West, arrived at the contrary view, viz. that the Labrador, Patrician and 
Keewatin ice-centres grow progressively westwards during lllinoian and Wis¬ 
consin times—the peripheral Wisconsin drift in the Middle West was 
deposited by a succession of culminating ice-lobes flowing from the north- 
cast (Labrador), north (Patrician) and north-west (Keewatin), l*lie late 
Wisconsin ice overran part of the Iowan drift and of the Peorian loess, its grey 
drift in Minnesota overlapping red drift of the Patrician ice of the middle 
Wisconsin stage. Others®** have also believed the ice east of the Rocky 
Mountains during the Wisconsin stage nourished by winds from the south 
and west, grew westwards as a Laurentide ice-sheet from valley and piedmont 
glaciers in the north-east of the continent — the mountains of Baffin Land 
(f, 3000 m high) and Ellesmere Island (c. 3300 m high), of coastal Labrador 
(1300-1500 m high) and of east Quebec (goo m high)—later merging with 
outposts in Newfoundland, Gaspe Peninsula, the highlands of New Bruns¬ 
wick, and th* ^\'hite Mountains in New Hampshire. The icc-sheets there¬ 
fore were Lmmigiant or intrusive and did not develop in situ. Russell®*® gave 
the Cordilleran ice a late date. 

These divergent views may perhaps be reconciled if we conceive the 
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glaciation to have been east^vards in the early stages and wcsnvards in the 
later one$j including the Wisconsin glaciation.^ 

A number of Polish and other geobgiats have also claimedan easterly 
migration for Europe, though by no means conclusively.^^ They postulate 
a first glaciation in the British Isles and Nor^vay, a second over north 
Germany, and a third over north Germany and Poland, JVL Umanowski,^^ 
for example, designated the German drifts Li, L2, L3 and L4, La ceasing on 
the Rhine, L3 on the W'eser, and L4 on the Elbe. The maximum in Russia 
is perhaps mostly regarded as the equivalent of the German Saale glaciation 
{seep. 955). 

An easterly migration has been discovered in the Permo-Carboniferous 
glaciation of South Africa.^ 

Causes of migration. Migrating icc-centrcs have been variously ex¬ 
plained; shifting poleSp^s combined with continental displacement^ or due 
to a clockwise movement of the Sial (aee p. 1538); differential earth-move¬ 
ments,®*^ e.g. in Canada, the Alps and north-west Europe; "sympathetic 
glaciation ” (see below); changes in the paths of cyclones; marginal precipita¬ 
tion on the ice-sheets®*^ and their tendency to starv e in the (the Novaya 
Zemlya glaciation has for this reason been linked with the last glaciation 
all have been invoked. A steady concentric expansion of an ice-sheet is 
seemingly glaciplogically inconceivable.®'^^ 

The North American ice-sheets grew eastwards from the Cordillera with 
westerly winds ^ possibly by a progressive Cordilleran uplift across these 
winds Iq^ Age, it has been $ald, is not yet at its climax in Green¬ 

land*'^^—though it is much more likely that the rain shadow to the east of the 
Cordillera arrested its growth, just as fartlier south it carried the ice-front 
only to the intemational boundaryand in lateglacial time caused the 
Laarentide ice to disappear from west to east.®^® The ice developed west¬ 
wards from Greenland®^ or much more probably from the labrador 
uplands®^® by easterly winds^®^® w'hich caused the southern limit of the ice- 
sheet to be more southerly than in Europe (see p. 641), or to windw’^ard by 
westerly winds,®®* aided by precipitation from the Gulf of Mexico and the 
Atlantic. Enquist,*^! in a Version which w as later modified by E; Antevs,®®^ 
reconstructed three stages in the growth of this ice-sheet; a first, when 
westerly winds built up the Keewatin itX' eccentrically with respect to the 
Cordillera following an initial glaciation in the Avestem mountains; a third, 
when through the displacement of the Icelandic Low (because the Ice¬ 
landic Ridge rose and excluded the warm waters from the Arctic Ocean), 
moist north-east winds replaced the present north-w^st land wind and the 
ice w as eccentric to the mountains of Labrador—thb postulates high pressure 
over the northernmost Atlantic and, apparently, pre-existing ice-sheets in 
northern Europe and Greenland®^^; and a second or intermediate stage of 
indefinite tvinds when the Keew^atin ice w^as independent of the western 
mountains and thinned and contracted. 

While the icfi-sheets of Greenland and i\ntarctica probably grew' from a 
coalescing of vTiliey and plateau glaciers on highlands^®®^ the problem of how 
the icc-shcets, die Keewatin ice, grew' on low plains under conditions 
which are difficult to harmonise with the relief a^vaits a satisfactory^ explana¬ 
tion. The effective precipitation barrier of the Rocky Mountains may have 
been sufficiently depressed by the Aveight of the Cordillcran ice or by other 
causes to permit the winds to carry across considerable precipitation to the 
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east side .^5 The statement^ that ice-sheets must have had low and not 
mouittainaus centres is uncqnvindng though Scandinavia^ had it been as low 
as the Laurentian region, might, it is said^ have had an ice-sheet.**^ Equally 
Uficonvtncing is the suggestion that ice-sheets grew by a general continental 
uplift (see p. 123)—connected possibly with a shifting of the pole and of the 
ellipsoidal form^®^—or by successive additions of river-ice along valleys, as 
wag postulated by Rink^^ for ice-sheets generally and by E. v. Dryga$ki*^ 
for the Keewatin and Siberian ice in particular—these may, how'e^^er, have 
been incorporated in the advancing ice-sheet and have helped tg accelerate its 
advance.*^^ Scheuchzer*^^ imagined that the Alpine glaciers grew from 
below by a freezing of springs. More probablyp such ice-shects gTew' eccen¬ 
trically by strong condensation from marginal regions towards the interior 
or from an elevated land, as imagined above. Yet the 1200 km which 
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separates the Keewatin centre from the western mountains makes such a 
causal connexion unlikely in this caae.*^ 

The eccentric position of the Pleistocene ice-sheets with regard to the 
North Pole—they extended into lower latitudes on either side of the North 
Atlantic Ocean—has been ascribed to a shifting of the poles (see p. 1518) or 
to the great quantities of drift-ice over the North Atlandc®®^ which,Tn contrast 
with the North Pacificp received ice draining from the whole of the Arctic 
Ocean.*^ The Pacific's open character doubtless explains the small size of 
the Cordilleran glaciation of North America compared with that of Scandi¬ 
navia and the minor glaciation of north-cast Asia compared with the glaciation 
of north-east America.^’^ ^ 

Recent methods in North America of long-range w'eather analysis and fore- 
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casting from studies of the £onal circulation*^ are based upon the "zonal 
index " of the genc^ atmospheric circulation in the northern hemisphere, 
including the velocity of the westerly winds in the belt between 35“ and 
S5°N. Lat. A high-index and a low-index pattern arc distinguished: no 
dynamically stable intermediate stage exists. In a typical high-lndex pattern 
(fig. 119), the subtropical “highs” and the subpolar lows over the oceans 
are w'ell de\'eloped and extend eastwards over the continents, thereby giving 
rise to a “zonal” arrangement of the pressure and wind patterns, and the 
polar highs which send cold polar air southwards over these parts of the 
continents. Low- i ndex conditions{fig. r2o)are characterised by a " cel I ular ” 



Fig. 1 20 .—Example of a lou'-indeK or mctidiofiaJ dnruJptiQn. Contoura 
of the surfatc^ (tn teas of d^Tioinic metres) for 23: Junf,, £94$, at 

0200 G.M.T. F. Baiir, p. 823^ figr 6. 

dispositioD of the Jows md highs p with a north-south rather than an 
east-west orientation of the major axes and meridional movements and of he^t 
energy. In the southern hemisphere the mnal wind system at sea^ level is 
strongeft is situated farther equatonvards and varies less with the seasons^ and 
the ecUiiiar pattern is less pronounced. The double sunspot cycle shows 
contrasting high- and low-index patterns in presgure^ temperature and pre¬ 
cipitation in the higher latitudes of the northern hemisphere.**^ Subtropical 
highs and subpolar lo^^'s arc split up and displaced southwards; and 
polar highs extend over western as well as eastern parts of the lands. 

R. F* Flintarguing deductively from these preinisesp reconstructed the 
Pleistocene meteorology of North America in the following way. The cool¬ 
ing at the beginning of the Wisconsin (among other) glacial age set up a high- 
index pattern. The accompanying cyclonic storms increased the snowfall in 
western Canada and Alaska and the highlands of Quebec and, less im¬ 
portantly^ of Labrador or those of the Alberta Low type andp moving east¬ 
wards north of the Great LakeSp brought heavy to eastern Canada and 
Labrador and ultimately an icc-shceL With the growth of these ice-massea 
in east and westp a low-index pattern developed and the eastern ice expanded 
westwards. 

A rise of temperature induced once more a high-index circulation* ThU 
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resulted in a melting back of the ice in western America but, with the inbreaks 
of cold air from the icc-$hcet in the rear of the Alberta Low tj'pe, the 
TazeweU ice expanded to its maximum while the Iowan ice was shrinking. 
Similar fluctuations in index values explain the growth of the Mankato ice 
west of the Mississippi River and the more rapid shrinkage of the Mankato 
ice between Hudson Bay and the Rocky Mountains. H. C, WilJett^^J has 
emphasised the importance of tropical maritime moisture penetrating the 
interior of the continent in winter, and H. FJohn^fli has reconciled with a 
meridional type of circulation such features as the glaciation of China, the 
Keewatin ice-sheet — the cold pole over the Canadian Arctic archipelago was 
strengthened and displaced southwards and caused cyclones to trawl north¬ 
wards over Labrador and feed the Keewatin ice from the south-east and the 
polar anticyclone {which explains why Greenland and the Canadian archi¬ 
pelago were not much greater glacierised). 


5. Effects 0/ Ice-sheets 

Minimum area of glacial anticyclone. The minimum ice-cap re¬ 
quired to develop a glacial anticyclone is by no means easy to determine. 
Brooks, making the attempt, estimated the minimum diameter at 700- 
1000 miles (f, u00-1600 km). Present-day ice throws a little light upon the 
problem. Both Rllesmere Land and the north island of Kovaya Zemlya have 
permanent anticyclones™ and Grinnell Land may have one for part of the 
year.^S North-East Land, on the other hand, though reputed to have a 
permanent or intermittentanticyclone, seems to be without one^* to 
judge from the behaviour of the winds and sj-noptic analyses; the local geo- 
strophie winds are only gradient winds reinforced orographiciiJIy and 
mechanically, Vatnajekull is too small to exercise any permanent effect upon 
the air circulation.™® 

Pleistocene evidence is not very illuminating though the Alps may have had 
a weak and capricious anticyclone^™—lateglacially, when the temperature 
lowering may have been 7 - 9 '’C, the Aiiorcs anticyclone may have extended as 
a wedge into central Europe over the Alps^i' though, with the shift of the 
Azores anticyclone to the south, this seems unlikely.''ll The fact that, while 
the glacial sands in the periglacial area of the Scandinavian ice-sheet show 
evidence of cxtcnsi%'e wind-action which diminishes southwards, those about 
the British and Alpine glaciations do not show this action’'™ suggests that 
these smaller ice-caps lacked a glacial anticyclone. 

'[’he ice-sheets in their early stages were fed by moist winds from the out¬ 
side but later developed the characteristic autodrculation. This was at first 
feeble and spasmodic'i-* and there is virtually no evidence of when it began 
Harmer’s suggestion^™ that llie upper Pliocene (Red Crag and Walton Cmei 
shell-banks of East Anglia implied an east wind from an anticvclone over a 
Scandinavian tner-de-ghce, since west winds throw up such shells on the 
Dutch coast to-day, is doubtful; for such winds might blow on the soiar- 
cyclonic hypothesis (see p. 1549) before the ice-sheets developed and a 
Scandi navian ice-shect at this very early date seems u nl ikely. The absence of 

loess from the early glaciations (see p. 1027) may point to a lack of con 
temporaiy anticyclones. 

The date of th^e antityclone’s ^^ppearance is also somewhat undecided 
though without doubt its early shrinkage caused the distant cffecu to db- 
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appear and the pluvial climate of the Mediterranean, for example, to de- 
tenorate veiy rapidly. A high pressure system covered the Scan^navian ice 
when this commenced to fall back from the limit of the last glaciation and 
probably lasted until the Ice receded from the (the westerly drift of 

erratics in the lategJacia] sea of Vastmanland may have been due to bergs'^'® 
or sea-currents 720 ), i,e. to the Ra moraines^^l or the time of the Yoldia 
Sea ,722 of the ousting of Dtyoj flora by temperate plantsJ^J of the perlglacial 
dimes of Cardia outside the SaIpauBselkas,724 or of the Ancylus dunes of the 
Oder inouth.22S Northerly winds deposited loess-like deposits in Mark 
Brandenbui^ after the ice had retreated considerably from the limit of the last 
glaciation 726 ^they were in existence during the Pomeranian stage 
Scania in general, like Latvia, Estonia and jaeren, had numerous aeollan 

pebbles. 728 

The Salpausselka readvance (see p. 1172), of 13,000 years ago, has been 
linked with a temporary increase of snowfall brought about, not by a fall of 
temperature, but by the disappearance of the anticyclone and the entry of 
cyclone into the Baltic region .729 At that time, the diameter of the Scandi¬ 
navian ice-sheet had contracted to almost 1000 km, a figure which agrees very 
closely with the minimum size deduced bj' Brooks(see above). The 
transatlantic correlation provided by radiocarbon dates (see p, 1526) argues 
against this explanation, for the readvance since the Laurentide ice-shcet 
was then much iargcr.^^i 

The anticyclone had vanished when warm and moist south-west winds 
blew over the Littorina Sea^^i and a forest flora, previously thrust far from 
the ice, Jived near the ice-edge In south Sweden 72 ^ (see p. 1411}: north of 
Scania and of Jaeren cryoturbadon and continental wind-action were 
virtually abMicnt, 7 W the Fens of England, the forest trees, w'ith crowns 
shaped by the prevalent south-west winds, all fell to the north-ea3t.7i5 The 
anticyclone was most probably absent during the preceding Boreal period, 
to judge from the orientation of the tree trunks in the submerged forests of 
I>ancashire and north and south VVaie3,7W and during the %%'hole of postglacial 
time farther south as the direction of the filling up (Fer/enir/nng) of the Feder- 
sce. Upper Swabia, and of the lakes in the Baltic region bears witness. 737 The 
storm or gale-terraces, found on the west sides of osar, and the orientation of 
the local glaciers and the direction of the drainage channels in middle 
Sweden, arc also suggestive .738 

The anticyclone fluctuated seasonally in later time; its influence w'as not 
fully felt while the Swedish inland-dunes were forming 73 ® and w'as in- 
signiflcant when those of Brattforsheden in Sweden were accumijlatjng. 7 ‘W 
\ct it is doubtful whether, as suggested, it persisted into Finiglacial or 
Ancylus time 7^1 or the time of the dunes of north Sweden742 oj* whether 
the absence of a steppe period from south Sweden is attributable to its 
persistence.743 

American evidence is both meagre and contradictory'. The distribution of 
the drifts about the ice-lobes in Ohio,744 the strength of the beaches even at 
the stage of Lake Maumee 745 (s^ p, 473), and the dissolution of the ice by 
evaporation on the Canadian plains 746 indicate west winds as now, as do the 
shells and trees, suggestive of a climate no colder than the present, 747 found 
in other lateglacial lakes. Nevertheless, the prevailing southerly pointing 
hooks in glacial Lake Champlain have been related to a glacial anticyclone 748 
and the sand dunes of Quebec to easterly winds even much later. 749 
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Secondary effects of ice-sheets. Weather changes arc to-day most in¬ 
tense in winter because the contrasts in temperature between the equator 
and the poles, betwetn ocean and continent, and between land and adjacent 
bodies of water are then most marked. In like manner, the Fieistooene ice- 
sheets had manifold and far-reaching cfFects. They heightened the tempera¬ 
ture and pressure contrasts in the various latitudes, in particular between the 
Fennoseandian ice and the ice-free lands of central Europe and Asia in 
summer^™ {producing violent storms along the margin of the ice-sheet 
between the North American ice-sheet and the Gulf of Mexico, and between 
polar and equatorial regions generally. Contrary to Penck’s view which 
argued, for example, that since the snowline in Germany actually rose 
towards the ice the latter must have exerted a very small influence, and that 
of othersincluding A. Wagner, according to whom periods of ice-advance 
coincided with periods of weaker circulation (so that in Europe the edge of the 
anticyclone lay in winter in north Germany, in summer south of the Alps'^^^), 
the ice-sheets strengthened the air-circulation of the globe^^^ 'Fhey pushed 
the polar front equatorwards, narrowed the tropical belts WTth their dry and hot 
conditions (sec p, 1137), shifted and quickened tlie sea-currents (see p. 1093), 
increased the precipitation in the lec of the oceans,and probably depressed 
the tropopause by i km.^^ There w'as a marked increase of storminess in 
middle latitudes and of the effective operation of the ev'aporation-prcctpita- 
tion cycle.The North-cast Trades were more vigorous and were nearly 
as strong, if not stronger than the South-east Trades, with important conse¬ 
quences upon the ocean currents(see p. 1093). 

These secondary effects were enhanced by the anticyclones which existed 
over the North Pacific Ocean (doubtfully), over the Arctic Oceanand 
notably over the North Atlantic, eitlier permanently'^*! or during the winter 
seasons only,’*2 because the northern seas froze over and more abundant 
drift-icc chilled the adjacent lands, as is shown for modem TcelandJ*^ The 
anticyclones extended the continental climate, cooled the middle latitudes, 
and thrust the ocean currents southwards. The summer isotherm of 
40*T(4-4"C) layover the North Atlantic, except in the north-east, its poaition 

coincidingroughlywiththepresentwinterisothermofthcsamctemperature.’** 

The ice-sheets by an autocatal3tic action also intensified the conditions 
which originated them; they imposed a cooling upon the primary fall which 
had influenced the whole earth and initiated glaciation (see p. 644). 'Phis 
sequential lowering, which Pilgrimmathematically examined and named 
the /n/antfemtirki/Hg (some glacialists''** erroneously'induce the glacial cold 
in this way and not by general forces), is seen in a minor form to-day in the 
effect of the arctic ice on the weather of north Russia and Siberia,'^*'' and of 
a frozen Hudson Bay and Sea of Okhotsk, on the adjacent land.' The ice 
refrigerated the air above it by increasing its reflecting power'^** (see p. 6cq) ■ 
caused fogs and prevented the passage of the sun’s rays^*®; lifted the surface 
into regions of cold air^^f; and gave rise to the ice-winds and cold fluvioglacial 
streams. It cooled the contiguous seas by invading them, as around the 
British Isles, by freezing them, as in higher JatitudKs, 77 ] [jy 
waters, e.g. those which discharged into Delaware and Chesapeake bays and 
with the lecbcrga probably produced a fog belt along the coast It also 
augmented the cold by increasing the amount of drift-ice; for shelf-ice and 
sea-ice exert a continental influence, though this is milder than the land 
climate, heat being conducted through the ice from below, just as frozen Lake 
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Baikal mollifies the winters of its ahores.^^ The secondary effects changed 
a locally restricted phenomenon into one of continental dimensions.™ 

Sympathetic glaciations^ 7 Tius ice-sheets^ both directly and indirectly^ 
had a formidable power of depressing the snowline™ and intensifying and 
spreading the glacial cold. \Iany writers, indeed, regard the ice in the peri¬ 
pheral zone as a "sjTupathetie glaciation ”1 induced by the southerly displace¬ 
ment of the belt of storms,^^^ as in the case of Ireland, Wales and north Ural 
Mountains, or fay the cold of the major ice-masses.^* For example^ the 
Scandinavian ice produced the sympathetic glaciations of the Alps,”^'^'^ 
Vosg® and minor centres of the German Mittelgebirgej^® Py^renees,^^ 
Caucasus Scotland,its oscillations being faithfully mirrored in the 
AlpSt Pyrenees and MittelgefairgeJ®^ The Scottish glaciation w^as in turn 
responsible for the sympathetic glaciation of IrelandJ®^ 

The easterly migration of the Scandinavian iceshed and its attendant anti¬ 
cyclone was reflected in the lessened Alpine glaciation during Giinx-Mindel 
times and the Mittelgebirge glaciers grew w'hen the Scandinavian anti- 
cj'clone withdrew and moist w est winds replaced the drj' cast winds^®^ 

The feeble and short-lived glaciation of the Catskill Mountains in North 
America has been associated with snows drifted out from the ice on the 
norththe finest cirques face $ouih. The glaciations of Tasmania and 
Netv South Walcs^®^ and of New Zealand have in like manner been linked 
sympathetically with the vaster Pleistocene Antarctic refrigerator. Jt has 
even been held that the polar glaciations alone were primary' and occasioned 
the cold of the rest of the globe^®^ including the tropics, or that the 
glaciation of the northern hemisphere created that of the southern hemi¬ 
sphere and impend its rhythm of glacial and interglacial periods upon 
this hemisphere.^^^ 

WTiile the extensive development of ice in the northern hemisphere may 
have oused this hemisphere to influence the southern hemisphere and not 
vice versa as now j^^ and while it would be idle to deny that vast ice-sheets 
modify profoundly their peripheral zones, it w'ould be foolish to extend this 
influence in the Avays just mentioned or beyond a limited distance: their dry' 
foehn winds may even raise the snowline about them.'^^^ The glaciers on 
the highlands and the terrain outside the ice-sheets ow^cd their existence mainly 
to the world-wide cooling* "Fhe deep depression of the Pleistocene snowline 
in the moist tropics cannot be regarded as a sympathetic result 

Temperatures along ice-borders. The actual temperatures in the 
pEripheral regions of the Pleistocene ice are difficult to determine since an 
appeal to modem representatives in Greenland and the Antarctic is apt to 
mislead. These vary' considerably in the mutual relation of temperature, 
precipitation and ablation—they differ in their latitude and in their 
relationship to the westerly winds. They also may not be taken as norms 
(see p, 1061) since the Pleistocene ice-sheets protruded into warmer seas and 
into much lower latitudes (unless the poles or continents have moved). 
Nevertheless, the temperatures can be estimated from the fall of the snowline, 
from soHfluxion phenomena and from palynology (cf. p* toy2). 

The climate of Greenland has been described by H. Petersen'^s^e and that 
of ice-margins generally by 0. Nordenskiold^^ who diatinguisdied three quite 
different types of glacial climate ’ a maritime typCp e.g. in South Georgia, South 
Orkneys, Spitsbergen and Iceland, with small oscillations of temperature 
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and cool summers; a continental type, as in North America and west Green- 
land, with dry, warm summers (io-i5“C), cold winters (—15*10 —20*C), 
wide temperature oscillations, high evaporation, small precipitation, lakes 
without outlet, saline efflorescence, and wind action and rock-weathering 
similar to that of arid regions^®—the “steppe” in West Greenland is really 
an arid or salt tundra; and a widely distributed glacial type, e.g. in north 
Greenland, Antarctica and possibly Franz Josef Land, having summers 
below 0®C and winter temperatures of —20* to — 4o“G. 

It is difficult, as just observed, to refer the Pleistocene ice-margins to these 
types because they differed markedly in latitude from their modem successors 
and ended in continental regions. Moreover, there is ev'eiy reason to assume 
that the climate varied greatly along the ice-fronts, e.g. in Europe (see p. 1079), 
and during the several phases of glaciation. Thus in west Europe the oceanic 
climate of the earlier stages gave place to more continental conditions later. 
We may believ'e that much of Europe, including Germany and especially the 
east, belonged to the strictly continental type^ and that the maritime type 
in the northern hemisphere played little part except in western Europe and 
western North America. 

Nevertheless, the evidence, though meagre, agrees in suggesting low tem¬ 
peratures. Thus the treeline, as in Europe (see p. 1071), w'as greatly 
depressed; solifluxion futures (see p. 1075) and the Dryas flora (see p. 1066) 
were widespread and give north Germany, for ewmple, a July temperature 
not exceeding 10"C®®® and an annual temperature of under o'C.®®’ The 
depth of the ice-wedges which shallowed away from the icc-edge in central 
Germany suggest a mean summer temperature in Thuringia of 3®C and a 
depression of e, 11 Other calculations give the ice-corridor in north 

Germany where it was narrowest a mean January temperature of at I r a^T 
io*C and a July temperature of (cf. p* 1073). The lowering of tlic 

mean annual temperature may have been 13*4*0, of the summer 0-3-11 ‘0*C 
and of the winter ' 


Foehn winds, varying in strength, duration and range as in modem Green¬ 
land®® (they are rare or wanting in the north), probably blew throughout the 
year, especially in spring,but were generally of the nature of ice-winds 
that kept the air at or below Temperatures and winds probablv 

varied according to the season over both the ice and the cxtraglacial zones (see 
P- 534); persistent cloud probably lay above the margin of the Laurentide 
ice during summer. 


Tendency of ice-sheets to self-perpetuadon. Snow and cold tend by 
their presence to produce circumstances which make for their continuance 
and increase. Similarly, loe-sheets, by inducing special conditions, physical 
and meteorological, tend to perpetuate themselves. They augment the snow¬ 
fall upon their surface by chilling the air and raising their level out of the zone 
of ablation (see p. 654); they' prevent the summer heat from warming the air 
since the heat is spent m melting the ice; they radiate cold winds, reflect more 
uf the sun’s mdiation and lessen its absorption; and, by lowering sea-lcvd bv 
abstraction, in effect lower the snowline. Agassiz*** therefore suggested 
that the present glacierisations, speaking broadiv. were not a product of the 
present climate. Later writers, accepting the dictum, have regarded those 
of Iceland*® (where the ground under the plateau glaciers is below the exist 
ing snowline), Alaska,*'® Spitsbergenand above all Greenland's as relies 
of the Ice Age which, if once removed, would not return on their present 
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scale. The'' fiafiin type ” of highUo diceofBai!in)ByIot, Deran and southern 

Ellesmere islands is also a relic®^^: it does not reach the snowline and has 
light precipitation, short oool summers and long Cold winters and great 
residual cold. In all cases, while the form persistSp the substance has 
changed—calculations suggest that the Greenland ice-$heet has been at least 
twcC renewed since gJacid times.®*'* 

This disharmony does not hold for the glaciers of the world, as J, Payer ® 
believed, and is highly improbable for the thin Icelandic glaciers®*^ (except 
possibly Vatnajokull®*'^, or for those of Scandinavia and Spitsbergen or of 
the Alps and other high ranges of middle nr tropical altitudes, which are 
probably in rough equilibrium with the prsient climate—they respond almost 
immediately to current wTather and lost most or all of their ice during the 
postglacial warm period (see p. 1494 )p The Glacial period, how'ever, may 
have throwTi its icy shadow forward in Greenland, w^hose glacierisation i$ not 
fully explained by the present topography and climate fas is occasionally 
maintained®*®)—L. R. Wager®placed its inception during the Miocene 
uplift. The .Antarctic ice is no doubt responsible for its own present summer 
cold and violent storms.®^® 

This time-lag, w'hich w'as very wide in the case of the larger ice-masses, 
caused the ice-sheets to linger into and curtail interstadial and interglacial 
time^^^^ especially during the shorter epochs and In the central areas where 
the ice might linger from one glaciation to another ^ud even to gbeierise 
both hemispheres simultaneously.®^^ Thus some assume for this reason 
that the Alpine ice in places lasted through the Riss-Wurm interglacial,®^"* 
that the second phase of each glaciation was longer than the first because 
retardation gave a start to the second phase and that this action caused the 
gcocKronological discrepancies between the calculated figures of Milan- 
kovitch and those arrived at geologically.®^^ Thus Milankovitch (see 
p. 1544) believed that the nine glaciations of his cmvc and the marginal fringe 
of glaciation were reduced to four in the suhcentral belts and to two only in 
Scandinavia and about the North American centres. The Antarctic ioe may 
have persisted throughout the Glacial period for this reason {cf. p. 918), 
and by induencing the eustatic fluctuations of seadevel to only a slight extent 
(13-17 "%) may explain why Pleistocene sea-Ievels appear to be related only to 
the glacial succession in the northern hemisphere®^ (cf. p. 1359)^ The 
retardation^ however, may have been relatively small for the earlier phases:®^^ 

The tendency, by the operation of the anticjxlone and the centrifugal 
broom, also carried the ice into the later Pleistocene stages after the con¬ 
ditions favouring its production had passed awTay. The retardation varied 
locally and was greater, for example, in North America than in north-west 
Europe * 3 € and in the latter than about the Alps.®^* The difference of 4000 
years between the date of iB^ooo years ago calculated by De Geer for the 
Pomeranian phase and the figure of ^3,100 years assigned to this phase by 
Milankovitch"s calculations has been referred to this tendencyThe re¬ 
latively warm climate of Yoldia time may also be connected witli this action.®^^ 
Wegener,®^ basing himself upon present Greenland, argued that the ice 
survived until the temperature was at least higher than when it was 
formed—it is estimated that the Greenland ice-sheet and the ice in the Arctic 
Ocean lower the temperature north of 40* N. Lat. by about 5'6^C.®3^ ''rhe 
final dissolution of such thmning ice-sheets, with more or less stable ice-edges 
but rapidly rising snowline, was manifestly rapid®^ (see p. 1158). 


(jSo 
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The efflfcEa of these and other changes in iotver latitudes will be discussed 
in a later chapter (see ch. XL), 
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Chapter XXXII 


WORLD GLACIATION 


1. General 

Oncoming. Tht Pleistocene glaciation, equal in seventy to any in 
geological hiatonr ^ (see fig, 121), was not ushered in suddenly aa earlier 
believed 2 qr occasionally stated in recent years .3 Jt marked the climax of a 
gradual and prolonged climatic worsening and a sharpening of the climatic 
zones. EVotn i^eir position during the Eocene,^ the isotherms wandered 
equatorwards,^ in both the northern and southern hemispheresj the tempera¬ 
ture in central Europe fell 14-15T and the winter isotherm of o“C moved 
southwards in eonformity* In eastern i^sia^ an essentiaJly homogeneous 
forest shifted from an average position of 55'' N. Lat. in the Eocene to 32'' N. 
Lat. in the Pliocene, 

In the lower Pertia^-the climate of the whole earth wus warmer and more 
uniformp and the latitude of the boundary of the vvarm zone w'as on an 
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average in the northern hemisphere 10-15* and in the aowthem hemisphere 
10 nearer the pole th^ no^w: the corresponding figures for the treeline were 
20-30 and at least lo , The climatic donation became more marked in the 
later Tcrtia^, and in Eurasia the sharpening was intensified by the ri^e of 
cast-west physical barners. 

The flora, branches of a common circumpolar, Arcto-Tertiarv flora 
probably largely derived from an Arcto-Cretaoeous flora, migrated south¬ 
wards in the northern hemisphere J The Eocene had a preponderating Indo- 
Malayan flora iruxed with plants related to present North American-East 
^lan typB, and wth palms and tropical plants and fruits, as in the London 
Clay*; subtropi^ fig tre^ grew m the Hampshire Basin during a later stage 
(Bournemouth Beds). Soils, landscapes and the fauna, which indued 
alligators, crocodiles. Nautilus and the larger Volutes, now confined to 
tropicd seas, arc at one in finding that the cUmate n^as tropical or subtrooical 
Britoin 8 mean annual temperature during the Eocene may have been about 

In Germany,’“the Eocene flora included .Araucaria Seouoia and , a 
resembled that in southern Asia and South Africa, 3 e GwghtseL^ 
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Sahal, PhoeTiix, Chiimuertips^ Magnolia^ Robinia, Olea, Nerium and Taxodium 
distuhum grew during the Oligocene, The Carpathians had similar tropical 
or subtropical floras of Tertiary ageJ^ 

F. Ungerand O. Heer^^ unveiled the gradual change in Switzerland from 
tropical to warm temperate climate* The extremely rich flora of Oeningen 
in the neighbourhood of Boden See, with its 475 species of plants and 
the associated insects (9^^ $pccics), shows that the Slioccne climate, though 
colder than previously, w as yet distinctly warm» like that of Madeira or south 
Sicily tq-day—the winters were milder. South France and the central massif 
showed a like deterioration.^'^ The ^rertiary cooling in East Prussia is 
revealed in the ousting of the tropical OligoCcue (amber) flora, with its 
bamboos and palms and deciduous and needle trees, by the subtropical 
(cinnamon and palms) and temperate flora of the MiocencJ^ and in northern 
Bohemia by the progressive reduction in the forests-Frost marked the 
leaves of Fugus in the Miocene of I^usitss^^ (glacial deposits of this 

age have been reported from Iceland, Italy and the Cevennes^^) and of 
Pliocene plants near Frankfurt-am-Main,though the dimate wa$ generally 
mild and moist^ (see bcloi^v). During the Miocene, when the annual 
temperature of Spitsbergen was ii®C and of Disco Bay i3*C, the whole 
flora of western Europe was of the Chinese-American tj^pe^ pdma, cinnamon^ 
campfer trees and evergreens grew^ in central Europe, and the Pyrenees w'ere 
still climatically similar to present Morocco2 3 ; the isotherms lay 12* farther 
north and the wind systems were correspondingly shifted. The Miocene 
mammalia of Europe included apes, bears, civets, mastodonts, rhinoceroses, 
tapirs, antelopes, muntjacs and chevrotains now restricted to the tropics of 
Asia and Africa. 

During the Pliocenct fhe palms w^ere driven southwards through 10® of 
latitude 22 the present flor 4 i with pine, fir, spruce and larch, became 

established in central Europe. 2 ^ Tapir^ mastodont, antelope^ giraffe and 
anthropoid apes vanished from the continent. Monkeys^ which ranged as 
far north as Eppclsheim near Darmstadt during the Miocene,^^ became more 
restricted in the lower Pliocene- Pliocene a monkey of Asian 

type, occurred in Grays Thurrock and the Cromer Forest Bed {AT, pIioceniais% 
Tiglian (see p. 1043), north Italy (A/, fiorentinus and A/, ausotiitis), south 
France (A/. t9hmniis)y Wurttemberg (A/, suevkus)^ Sardinia (A/, sp.), Hungary 
(A/, sp. aff. inuus ecaud^tus) and Rumania (AL Jloretttimi^) and still survives 
in Europe on the rock of Gibraltar (A/, muus ) — it may be a later introduction 
from Africa. As late as the lower Pliocene, the climate remained ^vami and 
humid as chemical weathering in Scandinavia and central Europe and the 
brown coals suggest. 

The Chinese and North American (Engler*s Arcto-Tertiaty'} element in 
the European flora (w hich had a close affinity to the mountain flora of western 
China and had evolved in either the Himalayas or the Arctic during Tertiary 
timers) had serious toll levied upon it throughout the Pliocene 27 ffig, 122)- 
Thc percentage of extinct and exotic seeds w^hich in the lower Pliocene Pont- 
de-Gail was 94 and m the Rcuverian of Limburg 88 was reduced to 64 at 
Castle Eden [Co. Durham), to c. 40 in the Tiglian (see p. 1043), and to 5 in 
the Cromerian.2S The corresponding percentages of the Chinese-North 
American species were 64, 54, 3L ^nd 074, Trees and shrubs suffered 
particularly severely and only the hardier species like Quercus rolmr^ Coryhs 
ateltarja and Pi£ea exceka managed to survive. The Pliocene trees, e.g. the 
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locust honey locust {Gkditsckid)^ sumach(J?A kj)p bald cypress(Tajo- 

dium), tulip tree {Liriodmdrm)^ sweet gum (Ltqutdamb^ir)^ and cotton gum 
(Nyisd)^ disappeared In Fi^ce^ only a few subtropi cal species, e.g. Myrsme 

Persm, persisted and a striking floi^ change passed over the Rhone valley 
in the south-east.^ Thus the North American and central European floras 
became markedly distinct^ Plants with Malayan or Australian affinities 
{Hakea, Tortgmmsia, Epipremnum, and MimMsops] had vanished by Tiglian 
time^i when the flora was closely allied to that of central Europe to-day, 
■'Fhe Cromcrian saw the European facies fully established and the disappear¬ 
ance of the peculiar Chinese element except for such species as still live in 
Europe. 
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Some of the Tertiary plants survived into the first interglacial, a few 
into later mtcrglacials. Thus the Reuverian contains Pinus Tittsa 
SdaJopitys, S^oia Carya, PterocoTya, Fagus, Castattea, LM 

and ^yJsa, Tighan Tsuga, Juglam, Carya, Pterocarya, 
Ltquidambar, Magnoha kaim, Mesinlus ainesta and Vitis vimfera the Cromer 
For«t Bed Hypecoam procumbent, while Bratenta purparta, Dulkhium 
spathaceum, Juglans regia, Buxus tempervirens, Ftcut caHca, CercU tiliaua 
ttTum and La^ carutn^ lived on into the second interglaciaPi whi^ in 
Switzerland« contained North American and eastern *^ian Tsuga and 
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relations of the North American Pinus strobus, the Himakyan Pinus estceba^ 
the Serbian Fic^a Qmorica and the Caucasian F^gus tirienialis. 

The early Pleistocene flora in the Main^ basin^^ which resembled the 
North Ameiicari forest flora of the New England States and contained an 
eastern Asiatic element and 24% of exotic species, lacked the characteristic 
Tertiary forms Taxodium, Gingko and Cimiamomum. 

The progressively falling percentages of the woody plants during the 
Tertiary, expressed in the following figures^^ (see p. 690): Eocene (London 
Clay) 97, Oligocene (Bernbridge) 57, Mio-Pliocene (Pont-de-Gail) 51 ^ 
Rcuverian 57, Tiglian 2S and Cromcrian 22^ was also climatiCt though the 
contemporaneous replacement of forest by grasses and pasture may have been 
connected with the development of mammals.^ 'Phis replacement w^ 
slight at first but gained speed towards the close of the Tertiary when the 
grazing horse took the place of the broAvsing horse (see p. 1410). 

The Cyprids of the gastropods, which to-day arc mainly tropical or sub¬ 
tropical, shifted their northern boundary steadily southAvards during the 
Tertiary 

The cooling in Germany is revealed in the change in the character of the 
soils and in the replacement of the mixed oak forest and beech by fir and 
pine in the browmeoai of Buchenau,^ and in the climatic distribution of the 
Tertiary' fish in western Gemiany, as set out in the follow ing table, 


Percentage of fish genera in the West German Tertiary 
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It is also shoAATi in the folloAving figures'^ Avhich may be taken to indicate the 
general climatic trend in Tertiary Europe: Eocene loAser Miocene 

upper hliocene 17X and Pliocene 14-17*0. The Klarbecken flora 
of Frank hi rt-am-Main^* gave a temperature resembling that of Venice or the 
Riviera, l^he mean armual temperature in France was at ail stages a feAv 
degrees higher'*^ and in the west during the Plaisancian (loAver Pliocene) Avas 
probably 5X higher than now,'*^ Winter temperatures in Dalmatia have 
been estimated as follow^"^: Eocene and Oligocene 9'3^C, Miocene 6 - 6 * 0 , 
Pliocene 2 -S^C, and Pleistocene — 07X. The insects of Avestern Europe show' 
a similar climatic change.^^ 

Corresponding changes characterised Russia (A, N* Krasnoff), the Car- 
pathians^ and the Balkans,^^ where the tropical and most of the subtropical 
plants died out during the lower Tertiary and the Mediterranean forms w'ith- 
drew in the Pliocene to the coasts. A climatic worsening is also recognisable 
in the upper Pliocene (Apscheron Beds) of the Caspian region (see p. 699) in 
which CypTina istandica occurs, in the upper Cainozoic plants of north 
Siberia^ and in the Tertiaiy life of north-east Asia"^^ (see p, 10S7) though, as 
in North America, subtropical relics surA-ived under favourable conditions 
among the predominant temperate forest. North-west Africa also showed a 
fall of temperature in upper Pliocene time,though lateritic soils in Morocco 
seem to indicate a warmer climate than noAV.^^ The formation of calcareous 
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cmata ahiitcd from central Europe in upper Miocene {Sarmatian) to the 
northern Mediterranean lands in the lower Pliocene, the southern Medi¬ 
terranean lands in upper Pliocene, north Sahara at the end of the Pliocene and 
to Senegal and the Sudan in the Quaternary’. 

There was a southerly flora] movement in Japan j^d a replacement of the 
temperate floras in north and cast Asia^'* where the whole vast territory em¬ 
bracing the middle zone of Siberia, north Turkestan, Manchuria, Korea, 
Sakhalin and north Japan was at least as late as the early Miocene under the 
domination of a monotonous summer-green forest flora which also character¬ 
ised Greenland. Spitsbergen, Alaska and northern Canada. Warm forms 
still lived during Mio-Pliocene time in the north Urals and west Siberia 
Abraittu, Bltcca, Alburnus, Alburttoides and remains of other fish have been 
found in the Pliocene. In northern India the tropical climate of the foothills 
was usurped by temperate conditions and there was a migrationaJ trend 
across the peninsula. North China’s lower and middle Pliocene fauna con¬ 
sisted mainly of wamith-loving types w’hile its upper Pliocene forms reflect 
colder and more arid conditions.^^ A southward shifting of Lantprotula, a 
thick-shelled Unionid, followed the Miocene in the north Tsinling region. 

The rich coral development of the Mediterranean region in the early 
Tertiary—wral reefs existed ^ late as the Miocene in Malta and Asia Minor 
as Well as in the Vienna Basin and the Ukraine—gave place in the upper 
Tertiary to spasmodic corals w'hich in the Pleistocene were completely 
banished. Trout wandered into Asia Minor, the Atlas Range and Hindu 
Kush.^^ 

North America underwent a like change.** Thus the climate of the 
Pacific coast, which as far north as the ’^'ukon {Sequoia, Magnolia and delicate 
ferns), was tropical or subtropical in the Eocene, became transitional from this 
to warm temperate in the Oligo«nc, warm temperate in the Miocene, tran¬ 
sitional frem this to subborcal in the lower Pliocene, and suhboreal in the 
upper Pliocene. The temperature fell constantly from the Eocene onwards, 
though as in China there was a temporary reversal of the climatic trends in the 
upper Miocene; plants like the present replaced the tropical and subtropical 
species and many animais, including apes, wandered southwards or dis¬ 
appeared. The subtropical members diminished and the Chinese element 
retired to the south-east. Temperate forms, never quite absent, now pre¬ 
ponderated. The older Tertiary' forests had in large measure disappeared 
from the middle latitudes before the beginning of the Miocene: the northern 
limits of the region of typical Eocene species shifted southwards. In Mid- 
'Eertiary the subtropical forest of the Pacific coast migrated southwards 
through 1000 miles {1600 km) to south California and Mexico, and the 
temperate forest of Alaska, the redwood forest dominated by Sequoia (also 
known from north Siberia, Spitsbergen and Greeoiand) moved down to 
Oregon and middle latitudes and grasses became more widely developed. In 
the Pliocfme, the temperate forest was further restricted, the Sequoia element 
and certain species being eliminated, their modern descendants surviving in 
Asia, ® 

These changes are reflected in a southerly withdrawal of the widespread 
subtropical forest (Goschen flora); the contraction of the temperate redwood 
forest {Bridge Creek flora) which in the Eocene lived north of the United 
States boundary , c.g. in Alaska, and in the Miocene inhabited the eountr>^ 
south of that boundary, e.g. in Washington and Oregon; the contraction and 
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segregation of a north Mexican clement (Tehachapi flora); the origin and 
expansion of a continental interior prairie; and the development of the 
Colorado and Mohave deserts,*! 

Floral contrasts due to differences of latitude became more recognisable, 
probably as a result of the relatively emetged condition of the continent in 
later time and of the more varied topography. On both sides of the Pacificp 
a stoning from, middle to low latitudes became marked during the FJioecne. 
A like change is sho^^n by the ty^pe of vegetation from the coast inland in 
eontrast with the wider distribution of Miocene and older Tertiary' floras both 
in Asia and North America.*^ The marine faunas (see below) and the 
vertehratea (Colbert, 3:953) confirm this trend; the mammalian faunas of the 
late-Miocene and Pliocene indicate the development of varied environments 
and climatic zones. Steppe animals and plain-loving horses and many kinds 
of deer and antelope became prominent. 

Reduction in leaf size and thickened texture characterise most of the speci¬ 
mens from interior locaiities during the Tertiary in western America and in 
China. The disappearance of such broad-leafed deciduous genera as 
CarptfitiS, FcigiiS, Gittgka and Tih'n apparently took place in western America 
at the close of the Miocene with Utmt lasting on into the middle Pliocene.®^ 

Although Heer's*^ inaccurate floral identifications of Tertiary Greenland, 
Spitsbergen and Siberia, based upon leaves, led him to false conclusions In 
interpreting the climate of these countries,^^ it is nevertheless true that the 
flora of these nortfiem lands, with their poplars, limes, elms, planes, cedars 
and magnolias, was quite incompatible with glaciation. Yew^ pine, spruce^ 
poplarj birch, hazel, horsetail and grsss grew near Cape Murchison in 
Grinnell Land {72.° N. I^at.) in a cool temperate climate. Greenland at the 
beginning of the Tertiary had at least a Mediterranean climate** and the polar 
regions were probably unglacierised before the beginning of the Pliocene*^ 
(cf. p. 679). The faunas of Bering Sea and the North Atlantic (Nantucket 
Island) were readily exchanged as the specific identity of many marine shells 
in the two areas bears witness *3 (see p. 10S9). 

'rhe Antarctic had a similar experience*®: it cooled during the late Tertiary 
by a series of great pulsations. A luxuriant Tertiary vegetation grew in the 
vicinity^ of the Antarctic Circle,^ at the Strait of Magellan'^l (Punta-xArenas) 
and in Seymour Island (64’^ S. I^at,); certain warm-water mollusc^ and 
brachiopods of Miocene Patagonia and Chile species ranged as far south as 
Cockbum Island just north of Graham Land."^^ The xAntarcto-Teitiary 
flora replaced the subtropical forests in the southern continents. Warm 
coniferSp such A^ Acmopyie^ Arauiraria and Podoc&rpm, and angiosperms, such 
as Knightia, L&nrelia and A'otho/agus, wandered northwards from .'Antarctica 
and the southern lip of South America where they occurred in Eocene time.^'* 
The Falkland Islandsw'ere preglacially well wooded with South American 
coniferSp including Araucaria—to-day these trees do not range farther south 
than 43-44® S. Lat.—and w'arm marine shells lived in Kerguelen.^* South 
America during the Tertiary had a climate which Tivorsened increasingly from 
south to north, Patagonia'^s climate deteriorated during the Pliocene as 
did that of New Zealand^® ^this is implied by land plants and marine life) and 
of .Australia®*^ w here during the Mioccnep as is indicated for example by the 
reef-forming coral Orbieeti^i, the sea in Bass Strait was io®C w'armer than at 
present and in the Pliocene of Queensland fossil latcrites suggest a warmer 
climate than now^®^ 
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The Ant^ctlc. like the Arctic, furnishes no eT-ndence of glaciation before 
the Ice Age (see p. 596). Drift-ice has, however, been postulated for certain 
post-Miocene conglomerates on Cockburn Island,« though the bryozoan 
and other forms suggest a climate which is incompatible ^w^xh this®^ 
Glaciation seems irreconcilable with a land-connexion, so often suggested ** 
between Australia and South America during Tertian- time based on manv 
affinities in their flora and fauna (see p. 108S). 

In marked contr^ with these world-wide changes and the narrowing of 
the tropical zone, the tropical climate itself, to judge from its flora and the 
freshwater moilusra of the East Indies and Indo-Makvan region, remained 
unalte^.*« though the forgmg of land-links in central America and in other 
enu^ tropiMl areas ^u^ important changes in the littoral faunas of 
tropical ^asAy The Acidian fauna which developed during the Tertiarv 
also persisted m these ^ 

The middle Pliocene and later changes were an important factor in the 
break up ^d segregation of the major continental Tertiary floras and their 
evolution into modem plant communities. 

Cooling of the seas. The approach of glacial conditions was also felt in 
the world s incoming cold shells displaced w-armer ones and floating ice 
drifted erratics. ^ 

The Tertiaiy procurer of the North Sea, which gradually shallowed as its 
marine, ^tuaniie and freshwater succession in East ^^nglia reveals,*!' became 
progressively colder. The marine moUusca in particular, which during the 
^ene were almost trop,ca ],90 show a slow climatic worsening during the 

f r Pleistocene. This is brought out in the following 

table!*! (which deals only with forms still liring): ® 



Total 

Number 

Re^fh'e Nuiftber^ 

Lii'inff 

Brituh 

Atfiic 

Medkenanean 

FoKfl.1 Bed. 

Weyboumffi Cmg 
Chillcsfiird Crag . 
Nor^fii Cr^ 

Newer Red Crtff . 

Older Red Crftg . 
Coralline Cr*g 

19 

53 

90 

111 

199 

143 

420 \ 

1 

100 

100 

100 

100 

100 

100 

[OO 1 

o(.>7> 

Zt 

[O 

[T 

TO 

1 

o-s e?o) 

0 

0 

3 

9 

[3 

22. 

41 


The sea of the Comllme Crag at the bottom of the series was warmer than 

In the Weylwume Crag at the top of the succession, there was no species of 
exdusn^lj southern ^ge and arctic species had increased and were in- 
dividually plentiful: 7 V//ma bah if^ appeared for the T'k 

ch^r of iighd, oldor Nonvi/lfcs 

of Telhna caUarea, Aslarte borealis and Scalana graenlandfV^ Jn V-o ^ 
lar south as :^2 N, Lat. The varying percentages of northern and southern 
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forms among the marine gastropods agree with the conclusions dra^m from 
those of the molluscs. 

'rhis ousting of a southern by a colder element may have been owing to the 
closing of the Straits of Dover^^^ a deepening of the North Sea,^ or an influx 
of cold currents—this may have been due to the opening of some new con¬ 
nexion with the Arcticp ®5 possibly east of Scandinavia,^ the submergence of a 
I and-barrier benvecn Scotland and Scandinavia,^^ the erection of an Icelandic 
Bridge(sec p. 13.35)+ ^ ^ridening of the rift between Europe and Green¬ 

land.^ It may equally well be referred to the general climatic worscfiing^^ 
which chilled the sea in much lower latitude^^ c.g. in the Mediterranean and 
California (ace below)^ in the North Atlantic, and in the polar basin which in 
Pliocene time may have been frozen over as it is to-day (see above). The 
impoverished state of many Icenian shells may (doubtfully) have been due to 
a freshened North Sea which resulted when the Scandinavian ice advanced 
and Avholly or partly blocked the northern outlet of that 

A similar cooling, prophetic of the Glacial periodt is recorded in the upper 
Pliocene beds of Holland —the climatic change from the middle Pliocene to 
the Amstelian corresponded to a shift of 30® of latitude—and of Schleswig- 
Holstein by the northern species embracing Bucamim groenlandicum in 
Norway by the mixed fauna, with cold species, in the Manx drifts and 
by the Pliocene Tjdrnes Formation (about 700 m thick) of Iccland^®^ which 
registers a sinking of the sea temperature from that of the Low Countries and 
south Nonvay to that of west Iceland to-day. 

The tropical character of the former central Atlantic marine fauna, e.g. 
echinoderms^ corals, molluscs and fishesi changed considerably during the 
later Teitiarj^^*^ .Much of the early fauna died out, tropied forms dis¬ 
appeared ^ and northern forms took their place. In the Mediterranean 
tropical genera of the sea-urchins, e.g. Ctypeasier and Diadema, vanished 
and northern forms, e.g. EcMnui^ StroNgylocentrotus and Sphctereditnus^ 
replaced them. 'Phe glacial chJll penetrated this sea during the Sicilian (see 
p. 1090), when the Mediterranean was seemingly much colder than now, 
and is recorded in the appearance in the Calabrian of such cold shells 
as Cypritia Bucanum undaium and Ptimpa^a and by the 

arctic Alca impennis^^^^ a Flightless bird, which has been found in Gibraltar 
and Otranto. 

The ocean along the Atlantic coast of North America was cooled, 

Tn the Miocene the tropical marine fauna, e.g. East Indian t>pes of corals, 
in Florida, Georgia and the adjacent states was destroyed and replaced by a 
colder fauna. In the Caribbean, the teniperaturc sank from zG-zj^'C to 
19-20*^0. The Pacific coast of North America also shows a progressive cckjI- 
ing from EcM:cne onwards^^^ 12^). iMarine forms, colder tliM now, lived 
in the uppermost Pliocene of the North Pacific^*^'^ as in Alaska, Japan and 
east Sakhalin, and drove out the w-arm ones of the lower PlioceneThe 
chilling was felt as far south as California in agreement with evidence from 
the land plants warm-v%'ater species of the lower Pliocene gave w^ay com¬ 
pletely to cold-water forms, including several now found between Alaska and 
Puget Sound AAs in the Mediterranean Sicilian, to judge from the 
marine fauna, the temperaturen even in the shallow^ water, w'as then as 
cold as during any part of the succeeding Pleistocene,^*^ Yet in California, 
w^here a marine transgression took place at the beginning of the Quaternary 
and where the Timms Point fauna b glacial, the interpretation of the 
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temperauire facies 19 difficult since there were also vTiriations in depth and 

Other forerunneis of the approaching cold are the heavily striated Dehhl,>, 
m the jren-stajned Stone Bed beneath the Cromer Korest^di^ Jd drift 
erratics in stream and Bimilar accumulations. Water-wom blocks of nor: 
phyry, up to half a ton in weight, in the Coralline Crag at Sutton may We 
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been carried by floating or by driftavood—the blocks are unglaciated 

and the surrou nding deposits have no arctic shells. ^ ^ Dri (t-ice \vds probably 
responsible for the big, unworn flints in the Red ^d its occasional 

boulders, iip to 1 ft {c* 30 cm) in diameter, of porphyryp granite, basalt, vein 
quam and quartzitCj and for similar boulders in the Crag at Ipswich and 
Weyboume. ^ 24 |j rratics in the Pontlan beds of south Russia ^ and occasional 
far-travtllcd pebbles in the infraglacial beach of the British Isles^2^ may have 
had a like origin. The heai-y mineral assemblage in the East Anglian Plio¬ 
cene, and especially in the Leda myaih Bed*^® (see p, 995), shows that 
much Scandinavian detritus was then arriving Ln the area. 

Erratics were also rafted by Ice into fluviatile accumulations, e.g. "'pre- 
glacial^' tcrracea in the Saale,^^:^ Tigiian beds of the low^er Rhine^^® {see 
p. (043), upper Pliocene at Odessa and upper Tertiary ^32 m Sylt^ 
Pomerania and Brandenburg. 

The upward transition in the British Pliocene from marine to fluvio-niarine, 
littoral and fluviatile may indicate that the ice-sheets were grow‘ing and ab¬ 
stracting sea^w'ater and so confinn the molluscan evidence that the Ice Age 
was drawing near. 'Phe fact that the present and preglacial sea-leveis 
(strandflat, sec p. 1250; infraglacial raised beach, see p. 1251) virtually 
coincide may signify glaciations on roughly the same scale then as now. 1^3 

The cooling throughout the Tertiary is now established, though it is not safe 
to argue without reserv^e from the composition of fossil faunas and floras about 
the climate of the past.^ ^4 The cooling has been attributed by A, G. Xathorst, 
M. Neuimyr and others to polar movements and to a northw’ard continental 
displacement through the normal climatic beltsft is in part explained 
by changes in the distribution of land and water (involving a reduction in 
the supply of warm water from the south and a less efficient outlet of cold 
water from the arctic basin), in part by earth-movemcntsl^^ w hich diversified 
the relief and erected high mountains in so many parts of the world and Jn 
western North America also reduced the annual precipitation,^^^ e.g. from 
r. 254 cm in the Eocene to 127-1 go cm in the Miocene. Mountain building, 
by breaking up the extensive areal units+ diversified the topography and 
climate and made the floral and faunal contrasts more marked. The draining 
of the Obic Sea and the widespread orogeny which narrow^ed and reduced the 
Teihys and extended the Alpine and Himalayan systems across much of 
Eurasia in the Old World doubtless contributed.^^^ A complete explanation, 
however, must includethosc forces which caused the Glacial period and which, 
almost certainly, did not merely comprise geographical, oceanographical 
or tectonic forces (sec ch. LI). 

Proofs of glaciation - The nature of the proof that glaciers pid icc-shcets 
formerly' existed has been described at much length on earlier pages (see 
Part II). The methods have to be used with care since they are not always 
unambiguous' each diagnostic feature has its nonglaciaJ imitation. Thus 
rounded forms resembling roches moutonnccs may Ik preglacial^'*^; terminal 
curv'ature may be made by creep striated and faceted t^ulders may result 
from mudflow's or tectonic movements^"^2 j surface boulders may be residual 
from formations now deatroyed®'*^ ; and deposits resembling boulder-clay may 
arise In v-arious ways.^^ Yet these features in association are conclusive proof 
of glaciation. Ground and marginal moraines, outwash plains, ice-eroded 
basins, cirques, U-valleys and fjords arc other manifest signs. 
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*1 he direction of flow (which, like the wincU, should be designated by refer* 
ence to the source W) is registefed by folds and thrusts in the drift or under- 
lying strata*^; by bouIder*cJay inserted along bedding planes '■* 7 ; by terminal 
cur\‘aturc, crags and tails, roches moutonnies and drumlins; by the ice*worn 
edges of joint cracksj by the distribution of local and foreign erratics and 
heavy minerals (see p. 37^); by the orientation of the big boulders tn the drifts 
(see p. 377 ) ^he surface,or of boulders pressed into fissures in the 
country rock*by splinters from the ends of overridden tree trunks^®®; by 
the fabric and siac distribution in the till**'; and by stream shadows in the Ice 
of subglaeial “ nunataks " as described from north Germany.is^ Striae, most 
impressively universal on hills and in dales (those recorded, though almost 
imrnberlcss, are, like extracted fossils, but an infinitesimal fraction of those 
that exist or have existed), are especially valuable in giving the lines of flow or 
gfaavQh^^^ If indecisive, use may be made of nail-head and forking striae, 
crescentic gouges and associated features (which dip downstreamcrags 
wd tells on rock-surfaces, plucking phenomena on grains, etc., and the 
beveUed Ice edges of cracks or cavHties. Yet even striae arc stricUv only locally 
significant i_» and if few must be employed with caution; alone, they leave the 
direction of flow over north Germany quite uncertain .156 Their spotty dis- 
tnbution, wdl shown on the Glacial map of North America,!*? results from 
the debria intent of the icc, lithology-, concealment beneath drift, postglacial 
erosion, and variable observation and mapping. Where more obvious signs 
are lacking, the direction may be obtained from till fabrics. 

E^ly stages. Decipherable history virtually begins at the time when the 
ice had attained Its outermost limit. The protogladal or early stages 
{ adv^emg hemicycle i*®) are either unknown or only impcrfertly dis- 
ceniible, Hicir record was obliterated by later glaciations or. if prc4rv'ed 
IS difficult of access or interpretation and probably destined to remaiii 
obscure. In its absence, danger lurks in interpreting the advance by the 
hnal retreat and in imagining the one as the reverse of the other. This 
was probably not so.IThe ice and its attendant antjcvxlone which made 
It possible for the amelioration to be well advanced before there was anv 
marked effectp. 679) had no counterpart in the early stages: a small 
adverac climatic change may initiate gJaciation but a much larger change is 
required to dissipate ^ extensive ma^ of ice. Moreover, the configuration 
of the ceiural tiiounteina, a^undmg m cirques and other features inherited 
from the Glacial penod i^, was more propitious for developing glaciers at 
the end than at the beginning of the period (sec p. 652), The rfaeiaJIv 
created forms predestined the succeeding glaciations to develop in a similar 
W'ay to that w'hich created them.!*! ^ 

The oscillating margin of the advancing ice was during the temnorarv 
ne^tive phases probably unaccompanied by the stagnation which in Ae 

dC^lution ^ ^ during the final 

Through the deprpion of the snowline, as the result probably in earlv 
stages of snowy mild winters.!*^ snow not wholly dissipated in sum^er^^ 
gradual y heaped up in the innermost fastnesses of the mountains. Perennial 
snowfields, with new additions and increasing age, were compacted into"« 
and grew into ever enlai^ng g acicre including those of the plateau tyS 2 
the snowline progressively sank. These crept down the valleys andJvEdl^ 
into confluent glacicra. amalgamating over the inters-cning spurs and witer 
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sheds, pushing out beyond the mountain fronts^ and bury ing the surrounding 
plains. Interfering with each other's progress, they were deflected into lines 
which depended upon the relative mass and strength of their contributing 
elements. Reinforcement and congestion rapidly built up the piedmont 
miisses and quickly extended the surface above the snowline w^here accumula¬ 
tion overbalanced loss. The advance became rapid. Ultimately^ the brim¬ 
ming ice formed a mountain ice-sheet'^ and arrived at the shores of the 
adjacent $ea w'here it detached bergs which for a time checked its march. 

There is as yet no means of deciding what time the growth consumed or 
whether it differed essentially from that required for the dissolution. The 
adTi-ance was doubtless spasmodic^ temporarily or even generally rapid 1*^3 
[80-1000 m/annum especially when the falling snowline and rising 
surface brought large plateaux into the zone of nourishment (sec p, 654). 
The Elster ice-sheet may have advanced 100-120 m/annum in the neighbour¬ 
hood of Leipzig.From ^^arv'es the annual advance in central Germany has 
been estimated at 600-^800 and In Silesia at 120 m.^®^ There isj how- 
ever, no evidence that it was at any time catastrophic or reached the suggested 
figure of 6000-S000 m/annum.It vs-as almost certainly interrupted by 
recurring halts or even by extensive withdrawals. The postglacial” stages 
(see p. 1159) w^erc probably matched in the early Pleistocene by a crescendo 
series — the Gunz may be the last of such a series (see p. 920)* 

The onset began in different places at different times, as for example in 
Turkestanand as is affirmed by supporters of sympathetic glaciations (see 
p. 677). ice started to accumulate first on the highest mountains and in the 
far north. 

At tlic climax, the general movement w as outwards and seawards. The ice 
in its progress w^as guided by the grander features but, especially in much 
dissected country', suffered innumerable deviations w'hich relief and the con¬ 
fluence and intcrforence of the component glaciers and gbeier-systems 
demanded; cross-striae and superimposed tills of different composition and 
origin indicate the debatable ground. The rising tide of the ice suppressed 
minor local centres or made them conform to the general movement, the flow' 
being retarded or arrested on the ice ward side but continuing unchecked to 
the lee. 

Glacier types. The Pleistocene ice-masses in their grovi^ and decay 
passed Successively through most or all of the types of glaciers described 
pTeviouslv (see ch* iV), Every' type was present in Europe and North 
America from the initial snow-bank glacier to the vast ice-sheet of maximum 
glaciation. Countless examples might be cited in iliustnition. The reticular 
glaciers of to-day nowhere attain the development they did during the Pleisto¬ 
cene in the Sierra Nevada and Montana Front Range of North America and in 
the Alp$^^l—contoured reconstructions of such glaciers have been made for 
the Karw endelgebirge,^^^ for the Tyrol, Lugano and Tessin region, for parts 
of the Bavarian Alps^^^ and for the Etsch G lacier. The TagHamento 
Glacier of north Italy was a piedmont glacier,as were those, including the 
Salzach, Ion, Isar, Lech and Rhine glaciers, north of the Alps. The Eigen 
and other glaciers of the Karawanken region tvere of the Turkestan type.^^ 
Expanded-foot glaciers occurred in north Italy, e.g. the Piave* and plateau 
glaciers were plentiful in the Limestone Alps^^® and occurred in central 
France!^® and on Boulder Mountain, UtahJ®® The Tatra's step structure 
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PtOr 114.— Cuniourcd map of Lhc Piciatoc^inF kx of iVniL R. V. Klcb&kbci^K p. 540, 
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caused a stcp 4 ike recession of the Ece, reconstructed glaciers marlced by 
moraines forming on each step 4 ®^ Moana Kea probably had a carapace.^ 

Parasitic glaciers existed in the Alps'®^ and the Vosgis^®^ and have been 
suggested for east Lancashire where the Western Ice and Ribble Ice 
were confluentai,{] for successive drifts of East Anglia (see p. 384)* 
They may sometimes explain the lateral transport of material across a valley 
where the glacier'bed has none, or the occurrence of lateral moraines opposite 
a tribuury glacier at a higher level than at any point above or below. The 
overriding of one Pleistocene glacier by another has been shown by erratic 
distributions^®^ Ice-slabs were general in lateglacial Sweden.’*^ 

Shelf-ice IS® probably skirted the Pacific coast of North America west of 
the Coast Ranges of Alaska and British Columbia, fringed the entire weal 
coast of Vancouver Island, existed in Baffin Bay and Davis Strait and off cast 
Labrador, bordered the entire cast coast of Grwnbnd and much of Iceland 
and lined Novaya Zemlya and part of the west coast of the South island of 
New Zealand. 

General distribution. The empire of the ice was vast and its sheets 
imprisoned large regions, especially where by the depression of the snowline 
wide surfaces moved into the nival climate. Its chill was felt over the entire 
globe (see p. 644), including the tropics,for the snow line was depressed in 
New Gumca,i ®0 Ecuador'®! and Sierra Ne\'ada de Santa Marta,and the 
mean temperature was lowered 3-6“C or S'^C even in the East Itidies.i« 
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The present distribution of animals and plants and of birds in Haiti and 
Dominica also su^csts a lowering.'®* Leaving aside the Antarctic ice the 
glaciation was es^ntially periatlanlic; for the flat basins of North Amwica 
and Europe were fax-ourable receptacles and the southern hemisphere offered 
little opportunity' for greatly increased expansion. A map of the glaciation 
(fig, 125) show^ that more than half of the glaciated area in the northern 
hemisphere was m North Amcnca and more than half of the remainder in 
north-west Europe, m both cases in middle latitudes and nroviding the 
greatest contj^t with present conditions. The centre of this glaciation was 
situated in Greenland, zo** of latitude from the North Pole. The total 
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glaciated area, including Antarctica, is still uncertain—^figures range from 30 
to 55 million sq. or c. 30% of the land surface. Of this total, more 
than 11-5 million (= 3,670,000 sq. miles) lay in North America and more than 
5“^'5 •’I'illion (= 2 > 3 o 6 ,ooo sq. mllea) in northern Europe,!^ i.e, an oval 
80° of meridian in length and about 15' of latitude in breadth. Hence the 
percentage of the ice in the southern hemisphere, which at present is p. 70, 
was reduced to c. 29 while that of the northern hemisphere was raised from 
30 to 66 withe. 5 in the lower latitudes.i*^ 

The preceding table (p, 704) gives very approximately the amount of the 
ice m the various regions after Ramsavl 9 « (a), Antevsi 5 » fAV Penckfc’l 
and Valentin 201 (d). 


2. Eimope and Mediterranean Region 

Europe’s glaciers (fig. 126) nestled m the mountains of its southern 
peninsulas and w ithin the valleys of the German Mitteigebirge. They de¬ 
ployed from the Pyrenees and radiated from the Alps, coalescing on the 
north and west on the Swiss Plain, la the north there occurred the Fenno- 
scandian ice-sheet. 


(a) Fennoscandion Ice-shixt 


Extent. The greatest development of ice in Europe was the Fenno- 
scandian icc-sh«t which mantled all the north-west. Of very great depth 
{see p. 41), this ice flowed independently of the configuration, as is shown by 
striae and boulder-trains in Finlandand by striaein south Scandinavia 
and noitli Norway where the relief was in control only during the later stages 
(" Fjord period " 2 W). It buried the whole country except for a few marginal 
nunataks. including some in west and north-w'est Norway. 2'15 the Lofoten 
Islands^w (as the erratic height, frost sculpture and botanical data testify) 
and, to judge from certain botanical evidence (see p. 965), even in south 
Norway, e.g, the tinds of jotunheim and Galdhopig (2468 m) on the water¬ 
shed (Lat, 63* N.); H, Reusch^oi thought mountains in central Norway had 
only msignihcant traces of glaciation. Kebnekaise was the only Swedish 
nunatak.20* ^ 


The Fentioscandian ice was a mighty shield, strikingly asymmetrical ■ north 
and north-west radii w ere probably 200 miles (r. 330 U) long, those on the 
south and south-east up to 1300 miles (r. 2080 km) long. It was centred in 
the north part of the Gulf of Finland—the theoretical centre lay about the 
Stor-sjoin^ 3 *^ Long, and 63® N, Lat.^w—or in multiple centres like those 

of modem Greenland (see p, 75)—the maximum extent in noitlt Germany was 
sjTichronousnot with the maximum in north Scandinavia hut with that of ^uth 
ScMdinavia 210 With a surface of about 6.500,000 sq. km (2,1+5,000 sq 
miles), It stretched east west over 4000 km and a diameter from Not^kaop to 
the Carpathians of 2500 km. Its icestreamed radially outwards in all directions • 
on the west into the Atlantic Ocean, on the north into the Arctic Ocean on 
the cast over the Kola Peninsula^tl to the Petschora. on the south-easVto 
Kaxan and down the Dnieper and the Don. It filled the shallow depressions 
of the Gulf of Bothnia, Bdtic Sea, mite Sea and North Sea. andtfS?™ 
joined with the Lral and Timan ice. on the west with the British ice 

While it swept freely across the plains of Russia and Galicia on the east and 
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over the Low Countries on the west to the Jine of the Lower Rhine (Vogelen- 
zang, Utrechtp Nijmegen)^^^—the Brabanfon massif helped to bar its 
progress—the high barrier of the Carpathians and the German Mittelgebirge 
arrested it on the south. It pressed against their flanks to considerabJe 
heights (which may have been increased by subsequeot tectonic move- 
ments^^^), namely^ to 250-’26o min the HarZp^^’* 300 m in the Teutoburger 
Wald,2S5 3Som In the Erzgebirge,^ ^^337 m on Rummelberg^^^and elsewhere 
in the Sudetes^*® to 560-590 m (a figure of 7501112^^ ’^^ based on the relief)* 
700 m in the Eulengebirge^—the mas:irpuiti height of the ice flood—550 m on 
Zobten,^^ 4ZO m on the northern slopes of the west Galidan Carpathians ^22 
(the highest point is opposite the Vistula gap through the Polish middle 
mountains), 485 m on the Reichenstein MoimtainSi^^ and 450 m in the West 
Reskiden.2^^ It thrust tongues up to 33 km long into the valleys,e.g. the 
Neisse, Oder and the Carpathian valleys^^^ (svhere in general it attained 
the 400 m contour and was So-So m tJiick at its margin) and swirled round the 
nunataks such as Zobten^^ (718 m)+ some of the Katzbach and Reichenstein 
summits,^® and possibly over the quartzite ridge of Lysa Gora (611 m) in 
Poland,^® Boulders and moraines show that it surmounted the main 
European watershed in the Moravian Gate^^ (c. 350 m) betw^n the Oder 
and Besziva (Elster glaciation), and carried into the March, a tributary of the 
Dniester, both debris and melt-water$. 

Erratics and ice -floiv. I ts characteristic erratics or ‘" i nd icator boulders 
the subject of several important publications,^^^ were in their general features 
worked out by the end of the t9th century^ The igneous rocks include the 
granites of SmAland, VVexiO, Stockholm, Aland (e.g. Alandrapakivi) and 
the w'cst Finland rapakivi, porphyries of Aland, Dalamc and Sm^land, and the 
red and brown Baltic porphyries, syenites (e.g, the Dalame cancrinite 
syenite), basalts of Scania232 and Aland, basalt tuffs from the floor of the 
southern Baltic and beneath Denmark and north-w^est Germany, and Oslo 
pluton5cs,233 such as laurvikite, nardmarkite, laurdalitc and rhomb porphyry, 
Their sedimentary members, Avhich have been fully monographed 254 for 
Holland and Germany, embrace in thcLr more than 300 types the Pre- 
Cambrian Dala sandstone, the Cambrian (Fuooid, Tiger and Scolithus 
sandstones)^ Gotland Silurian, Muschelka!k+ Scanian Chalk, black flint, 
bclemnitcs and sea-urchins, Danian sandstone* and Oligocenc amber from 
the Baltic235 vvhich is distributed to Cromer, Schleswig-Hobtein, Jutland* 
Westphalia, Silesia and Poland. 

Erraticss from Scandinavia arc found in Denmark,256 Heligoland 237 (rhomb 
porphyry* Elfdal porphyry, nordmaikite, launukite, Sama aegerine syenitOp 
rapakiVi from Aland Island), llolIand^^S and north-west Germany; from 
Gotland in East Prussia; from Finland and Lapland in north-west Russia 
and from Lake Ladoga in the Don region 240 (fig, 13 ij. The distribution of 
the Scandinavian erratics has been frequently examined for the North German 
Plain,24l and has been summarised for the eastern Baltic 242 south-west 
Russia.245 V. Milthers244 shown that those from Oslofjord and 
Langesundfjord are found in south-west Nonvay* and on the English coast 
from Yorkshire to Norfolk, owing to the Baltic Glacier pressing upon the 
eastern flank of the Norwegian ice whose westward displacement is also vi^t- 
nessed by the Aland granites in cast Norfolk and the red Dalame porphyry 
in east Yorkshire—Baltic and not Norwegian Ice caused the maximum distri¬ 
bution of these erratics. Dutch erratic are mainly from the Baltic while 
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man^ Norwegian and west Scandinavian rocl^ occur at Hambuig and be* 
tween the Elbe and Weser. The eastern Himt of Norw'egian erratics ran by 
Rostock, Neu StrehJitz, Eberawalde into Province Posen^'*^: a rhomb por* 
phyty erratic strayed as far east as Thom.2« The Baltic (not Sweden) con¬ 
tributed the bulk of the erratics north of the Sudetes and Carpathians, the 
percentage from that source rising to 85 in east VVolhynia and falling to 50 in 
Saxony ,^‘*7 

The influence of the Baltic depression was mainly confined to the earlier 
and later phases (sec pp. 898, 943). At the maximum, i.e. during the Elster 
and Saale glaciations, the flow was radial^ as is shown by the erratics and 
the course of the glacial limit across Europe, especially on the east and south, 
though it doubtless varied with the migrating iceslied2« (see p, ^70): in 
Denmark, the first movement was from Norway and the north, the second 
from the east (Dalecarlia-Baltic), the third from Nonvay* But E. Kum- 
merow^^® has repeatedly maintained that the Baltic controlled the flow even 
during the maximum glaciation, notwithstanding the iceshed’s migration 



Fjc. 1^7.—Map of some of the erratk of North Eliiom 
^omh porphyry, p^arai parphyjy, AJand sranW' 

Kola Peammla ncphcfine tyemte. xojs (z), p, 336. 


^d the tertonic movements. It gave the same drift composition from East 
Prussia to Holland and a boundary between the Nonvegfan and the Baltic ice 

rm from SJtagen to Syh and Ammm. The Oder and Vistula lobes were 
Lateral to tner main stream. 

North German rocks contributed their quota to the drifts - they include 
Cretaceous flints (denved from the parent rock or from arwVe d 
Jurassic rocks, Rudersdorf Muschelkalt and quartzites from the Brauniohle! 

Limite. The icfscalotte spread radially, as over north Germany 2*2 feast 
wm stoae ^ lo^ deflec^ons 253 ), to a terminal line which is not eiy to 
denne, for beyond the limit of continuous drift, distorted strata and striae 
diere arc f™ errabes and some of these are indistinguishable from stream' 
home boulders and (as m the Dnieper valley^M the 2c-m terrace 

encloses them) may have been carried by drift-ice.255 its gravel patchy 










LIMITS 


711 

when not mtennixed with erratics, are difficult to distinguish from pregkcial 
accumulations. Comminuted matcrijil \wnt farther than recognisable rock- 
fragments. The mantle of loess in Germany and Russia and of alluvium in 
Holland, combined with subsequent erosion and w'eathering, has added to 
the difficulties. 

The limit is composite and depicts the ice-edge at different epochs. 2 ^^ It 
is sometimes given by lake-deposits,2^^ by outwash or moraines, as in Saxony 
and Holland, 258 or by anomalous drainage created by spillways or glaci^ 
di%'crsions. It runs sinuously and irregularly, both vertically and horiaontally, 
in accord with the preglacial relief. Crossing the Low Countries from the 
Hook of Holland by Rotterdam, Tiel and Nijmegen — ^the dnft rises in the 
islands of Texel, Wieringen and Urk 25 ^ and is proved by bores in the west 2®— 
it continues west of the Meuse (where terraces in North Brabant have been 
disturbed 2 ^J) by Krefeld, Duisberg and Dortmund to the north-western edge 
of the Rhine-\Vestphalia mountains 262 so that northern erratics and drift 
occur in the Ruhr valley . 2^3 Glacial deposits are unknow n in Belgium though 
Scandinavian erratics travelled as far south as the latitude of Brussels.2*^ 

The ice pressed against the wall of the German Mittelgeblrge (see above) 
and thrust tongues into the valleys breaching them. It spread over the lower 
Harz .Mountains to the northern slopes of tiie upper Harz, carrying its rocks 
deep into Thuringia and to the foot of the Frankenw'ald. It overrode the 
Teutobufger Wald, rested against the Thunngla Forest 2^5 and Fichtel- 
gebirgc, 2 e 6 attained the FeuersteinUnit in Saxony, and abutted upon the flanks 

of the Erzgebirge ,282 Riesengebirge 283 and Carpathians,^^^ 

The limit in Poland 22D and Russia is imperfectly known. Since Murchi¬ 
son 221 first sketched it, the Russian limit has frequently been re-drawn ,222 
as by S. Nikitin 223 whose line, inserted in the International Geological 
Atlas of Europe (Feuilles F, HI, IV, V, VI), lies within that assigned 
by the Russian Geological Survey in 1915 and by M. I. Dmtrijeiv in 1928 and 
S. A. Jakowleff in 1931.274 it afiiuous and curves down the Don to 
48“ N. Lat, and down the Dnieper to 48'’ 40' N. Lat.,22i the most southerly 
points the Fennoscandian ice sttained. The peninsular area of Kursk and 
the block of Voronesch between the two lobes remained free. The strong 
iDbation of this ice about hills which are no more than 150 m high—the lobes 
arc 500 km long — proves that this ice was not thick.226 Farther east, the 
line probably crossed the Ural Mountains in r. 61" 30^ N. Lat., andea.st of these 
mountains ran from the locality of 59° 25* N. Lat. 64“ E. Long, north-east- 
wards across the Ob and Yenisei to Khatanga llay.222 

Terrain mlxte. The northern drift was mixed with detrims from the 
south: a northerlv carry from the Mittclgebirge had been recognised by C. F. 
Jaschc for the Harz, by C. F. Naumann and R. Cotta for Saxony, by M. v. 
Orth for lower and middle Silesia, by F. Roemer for upper Silesia and by 
A, V. Dechen for Munster. Its importance was stressed by latergeologists.^T® 
including Klockmann^?® whose development of the idea of a zone of mixed 
Diluvium skirting the mountains south of the Northern Drift found con¬ 
firmation in the Harz, Riesengebirge and Carpathians. In north 
Germany, this southern material which is especially abundant between the 
Elbe and Oder (fig. 12S) and rvas doubtless contributed by preglaciaL and 
Pleistocene rivers, embraces quartz, quartzite, gneiss, Cretaceous sandstone, 
campion ite, leucite-basalt and ncpheline basanite, together with andesitic 
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trachydoleritc from Bohemia, phonolite and lamprophyre from Lausit^, and 
keratophyrc from the Iscrgcbirge.^*! 

The Fennoscandian ice generated this mixed drift by incorporating southern 
debris with its own deposits, chiedy in the valleys, "either by working over 
preglacial scree or terrace gravels (see p, 366) or by taking up detritus con¬ 
temporaneously brought down by northward-flowing rivere^^ and their 
drift-ice.^^ 

I'his tetrain mixte has its maximum development in the Dutch gemfngd 
ZbVirtWjn of Staring^fri which covers much of the provinces of Limbu^, 



Fic. laS,—Map of the vtM of bouldtn from (he south iti the north 
Oennui dnfb, with the peob«ble fouion, E. Kummeniw (? fid 
3 ®. 1939. P- 705. fig . I. ■ 


Le^pzig^ 


SOAm, 


Gelder, North Brabant, Utrecht and Overjssel This Dutch drift contains 
Ardenms other southern detritus of varied igneous and sedimentary 
ongmi »5 (slate, phylUte, quarteite, lydite. trachyte, andesite) and as 
countless bores prove, grades downwards into a pure accumulation of southern 
OTd fluviaule ongin,^*® Staring's Rijn and Maas Diluvium, which either under¬ 
lies or merges msensihly northwards into Scandinavian ndrift.^s? 

Shelf-seas, I’he encroaching Fennoscandian ice expelled the shelf-seas 
of west and north Europe, e.g. North Sea. Baltic Sea, mite Sea and Barents 
&a. Agassiz 28 > early suggested that the North Sea basin was filled to the 
bottom with solid ICC Bnttsh ^e p. 631) and Scandinavian's geologists 
followmg the lead of \\ King^w j. Croll.^^i came to bcUevf thafS 
Scandinavian and British ice united over the North Sea into one vast sheet 
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(Lamplugh's East British loc-shcct^®^) which was rcpkabhcd by predpi- 
tatJDn upon its surfaee^®^ as well as by flow from the centre. Its slope is 
estimated at ia-13 fE/mile^M i 

The ice-sheet i$ demonstrated by the pure Scandinavian drift at Warren 
House Gill, Co. Durham (see p. 749);, by the geographical distribution of 
Scandinavian erratics in British drifts (fig. t^9); and by the fanning of the 



British glaciers along the cast coast — the Tay, Grampian and Glenmore ice 
flowed northwards and passed over Caithness and the Orkney Islands^ the 
Forth^ Tweedj Tyne and Tees ice streamed southwards and expanded over 
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eastern England (see p. 749). This deflection is attributed usually to impact 
with the Scandinavian ice which proceeded from north to south as the ice 
gTcw^^^ but occasionally to land extensionSp^ loeajth-movements in the bed 
of the North Sea^ or to shelf-^^* or drift-icewhich ferried Norwegian 
erratics to British shores.^'^ Critics of the ice-sheet hypothesis state that 
the gradient was too low to allotv of ice-flow, that rocl^ from south-west 
Xonvay are unrepresented in British drifts^ and that the Scandinavian ice 
was unable to cross the Norwegian Channel but was turned along this 
towards the Atlantic. 

But a transiuarine passage of this kind is possibledespite the high w-ast- 
age by cahing and melting by sea-water at even low' temperatures: its feasi¬ 
bility has been ahowm in north-east Greenlandand in Ross Sea.^®^ 
Islands may anchor the ice and close pack-ice, as was postulated for the 
early glaciation of the Baltic Sea,^ may mLnimise the loss and prevent the 
glacier or shelf-ice from breaking aw^ay*^^ By this means^ ioc-masses may 
become thick enough to urge their w^ay across a basin or strait. Growth 
was accelerated so soon as they touched the sea-floor;, for circulating sea¬ 
water Avas then prevented from melting their base, precipitation took place 
upon their upper surfacei^ and discharge w'as curbed along restricted sea¬ 
fronts narrowing to straits, as in the case of the British Isles.^^® An isthmus 
at the Straits of Doverp which cut off warm waters from the south,^^* facili¬ 
tated the crossing of the North Sea. 

Seaward edge. The British and Norwegian ice extended into the 
Atlantic over the partially emerged continental shelf (see pK 1354) 
fringed by a broad but fluctuating border of pack-ice which was especially 
dense north of the Wjwille-Thomson Ridge. The distance to which the ice 
I^nctrated depended upon the sea's temperaturep as R. Hammer's observa¬ 
tions on the Jakobshavn Glacier shewp well as upon its depth, since this 
governed the position of the calvnug-front: in north and west Scandinavia 
calving was probably the main source of loss and eHceeded that by ablation. 
Because of this control, Croll^s suggestionhas usually been accepted, viz. 
that the edge w'as roughly the loo-fpthom line where the rapidly deepening 
sea, modified though this was by a moderately lower ocean level (see p. i 354 )> 
facilitated calving. The distance doubtlm fluctuated considerably along the 
1500 miles {c. 2400 km) between Cape Clear in Ireland and Nordkapp in 
Norway and varied wtth the surface precipilation, the var>hng supply of ice from 
behind an d the coastal rel ief.^ Thus it probably protru ded into deeper water 

off west Norway where the land was steep and the ice was thick but advanced 
much less far off Norway north of the Arctic Circle, as nunataks (sec 965) 
and, possibly, the behaviour of the ice in the Lofoten Islands suggest. This 
was also true for the British coasts,^ where the relatively warm waters and 
freer circulation encouraged melting, and w here St. Kilda, 50 miles (80 km) 
west of Harris, had only a small local glaciation; North Rona, Sula Sgeir 
and the FlannaJ Islands north-west of Lrcwis were, however, overridden by 
mainland ice (see p. 753). 

’While some think the Lofoten Islands were overwhelmed from the main¬ 
land at maximum glaciation {Sf^aergard^tsdett^^^^ others contend that they 
had nunataks,^*® like the Tomgat Mountains on the opposite side of the 
Atl^tic (see p. 1392), or had only a local glaciation 5 ? joined on the east with 
mainland-icew'hich Hanked the islands to 300 m and glaciated the strand- 
flat for a short time. 
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Confluence with Tijmaii and British ice. The Fesnnoscandia^t ice wds 
separate fronri all the peripheral ice-centres es:cepl those in Britain and the 
I'iman mountains—the hypothesis^^^ that the glaciers of the Faeroes 
and Scotland were united and covered a Scoto-Icelandic ridge has no founda¬ 
tion. It was confluent with the British ice on the bed of the North &a and 
With the Timan ice bet%%'ecn Mesen and Glasnow.^^ This ice was joined to 
that of the Ural Mountains ^23 which harboured glaciers north of the source 
of the Petschora^^^ {ha"" N.) but had few south of this and fewer still in the 
southern part^^ where U-valleys etc, have recently been found above 
TOGO m. According to the Great Soviet Atlas (IsI 937 p 
of the northern Urals* like parts of the Timan MountainSj are covered with 
eluvial clays and sands. 

The Fennoscandian ice formed confocal hyperbolae^ symmetncally 
disposed^ at its confluence with the Timan icc^^s and with the British ice east 
of Scotland^ The form of the hyperbolae^ in these as in other cases they 
marked the confluence of Highland and ^uihem Upland ice m Ayrshire 
(sec 754)? of Galloway and Cumbrian ice over the ^^lway (see p. 
Cumbrian and Pennine ice in the Vale of Eden,^^ of Scottish and Irish ice 
over Lough Neagh,^^ and of Galw'ay and Leitrim ice in Cu+ Sligo — 
depended upon the distance bettveen the ice-centres and the strengths of 
the opposing masses ; since these varied from time to time* the shape of 
the hyperliolae varied as did the erratic distributions.^^^ VV. Ramsay 
related the southward flow^ of the Fennoacandian ice south of the Baltic to the 
pressure the Timan and British ice exerted upon its flanks; the relative 
smallness of these local centres and the great distance between them make 
this suggestion most improbable. 

Atpine Giaciatton 

Of all the mountains of central Europe, the Alps experienced by far the 
severest glaciation. The present Alpine glaciers are indeed but the puny 
representatives of a gigantic which during the Pleistocene choked 

the Alpine valleys, streamed out over the surrounding plains and covered 
altogether i5o,c5oo sq. (fig- I34)' "^he Rhone Glacier was 360 km 

long^ the Inn Glacier 340 km, the Etsch 550 km and the Rhine and Drau each 
200 km. The glaciers coalesced o^n the north in Bav^ana and Wurttemberg 
to transgress tlie Rhine watershed and send their melt-waters into the 
Danube near Sigmarmgen.^^ They deployed into Sav’^oy on the westi and 
on the south descended as separate glaciers to the Plain of l^ombardy, attain¬ 
ing a southernmost limit of 44"^ Weissensteint Lagem, Hdmlij Napf 

and other pc^ak^ and ridges projected as nunataks^^ up to 2500 m above the 
ice since, though its surface was generally domed and emergent ridg^ 
more snow-clad than now^ tlie fim basins remained separatet aa ralsan 
deduced from the angular Alpine blocks on the Jura flanks and others have 
confirmed for other reasons (see p+ ^44). I^cal centres existed in the 
North Limestone Alps, e-g- Schafberg, Hollengebirge, Traunstein and 

Sensengebirge. , ^ t t 1^ 11 

The Eistromftet^ was densest between upper Bavaria and the I^ian lakes 

and became wider meshed to the w'cst and to the east in which direction ^1^ 
piedmont glaciation diminished. East of the Enns and the meridian of 15 E- 
the glaciers remained within their valleys, spreading merely their fluvioglacLal 


7 i 6 


woetLii glaciation 



FlC- JJD.—Map cf ^ Ajplnc M. R and W dctSsnnte the MtinJel Ri» »nd 

worm idaciAtinng. E. Antei'V, C?, p, 681, fia. 16. ““ 
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detritus upon the foreland: the Save Glader ended near Radmannadorf, the 
Drau near St. Paul, and the Mur near Judenburg, In the east, with the 
diminution in height and the rise of the snowline, the Alps were no longer 
completely gJacietised but had separate centres with ice-free areas between 
them^^s—the ice in the Niedere Tauem, for example, was distinct from that 
of the Alps 3 ^*'—the extent in the different valleys depending upon their form. 
During the last glaciation, while the Traun and Salzach gladers eme^cd, the 
Traisen, Erlaf, Vbbs, Tinns, Steyr and Krems glaciers remained within the 
mountains.'^ The southern glaciers were also isolated, only two of them 
reaching the Po plain. This contrast with the northern slopes arose from 
climatic and orographic factors^^ and not from the presence of the sea in the 
Plain of l-«mbardy as conjectured.^^ 

While the Rhine Glacier deployed freely, the Rhone Glacier, strengthened 
by the Arve Glacier and later by the Is^re and Durance glaciers, was dammed 
up by the Jura Mountains and deflected to east and west; the gradient of its 
surface on the line Rhone valley-Chasseron (highest erratics on the Jura 
slopes) was only 2-5%.^^ The ice rose so that the valleys were iiberglet^ 
jcAtfrt^ and completely overflowed a strip in the Juras, 7® broad, and 
penetrated the passes into a further zone, hemming in the local ice (snowline 
700-800 m) and comp^elling it to seek escape w'estwards.^^ In the west, the 
Rhone ice near Lyon was distant c. 90 km from the edge of the Alps and in 
the north the Inn Glacier at the northernmost extent of the Alpine ice ^vas 
distant c. 80 km.^ The Recurrence Phase or readvance of the local Jura 
gladers on to ground vacated at the withdrawal of the Rhone Glader^^ 
cither did not exist ^ or was very small. 

The Swiss gladers which attained a maximum of 63,760 sq. (of 

which 39,819 sq. km was in Switzerland itself) have been mapped for the 
successive epochs.^^^ The classic works of Heim for the Swiss xAlps,^^^ of 
Penck for the Bavarian Alps,^^^ and of Penck and Bruckner for the Alps in 
general are modeb of their kind. 


(c) Minor Ice-centres in Central Europe 

The minor ice-centres in central Europe constituted a ring of independent 
glaciations in the corridor between the Fennoscandian iee and the Alpine ice 
from the Britbh Isles on the west to the ice on the Timan and Ural mountains 
on the east. 

France. The gladers of France, which Falsan^^^ summarily described 
(with bibliography), lay, besides those of the Alps and Jura Mountains, in the 
Vosges and the Centrd Plateau — the supposed glacial phenomena in the 
Ardennes were apparently due to solifluxion.^^® The Central Pbteau had 
plateau and valley glaciers ,^ 5 "' and the flora of the Cevennes ivitncsses to the 
climatic deterioration.The Vosges bore mountain glaciers, bigger on the 
west than on the east where the lowest ended about zoo m above the Rhine 
floor near Miilhausen and sent its outwash (Vosges Sand) into the vaUey 
as a series of cones which united into a low terrace. The glaciation of the 
central uplands, like that of present-day Nonvay, took the form of a thin, 
almost immobi le fjeid ice. The counties mo raines and d nejue- lakes of the 

Vosges were described about the middle of the last century by F, Leblanc, 
E. Renoir, 11 . Hogard and E. CoHomb; more recent monographs^ have 
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appeared on the glaciation of the various parts, including the Moselle region 
which had a glacier 40 km long. 

German Mittelgebirge. The German MittelgebirgeT whose former 
glaciation x^ga^Lz recognised in 1S41, lay mostly belo\v the snowline, possibly 
because of their light precipitation and high evaporation.^^ Nevertheless, 
their glaciers were far bigger than those of the modem and diminished 

from west to east^ with the rise of die snow^linc (see p. 651) and despite the 
increasing height of the mountains in that direction (Vosges 1423 m; Black 
Forest 1493 m- Hiesengebirge 1603 m). The longest glacier in the Voages 
measured 40 km^ in the Riesengcbirge, 5 km. Gkcbl traces are less marked 
in the Black Forest than in the Vosges, whence perhaps their later discovery 
{i 8 (}Z)J^^^ Their glaciers^cs ^«ere up to 9 km or even, it b said, 25 km long 
(Albtal), but remained within their valleys though their trains united with 
Alpine outwash in the Rhine rift valley. The northern Black Forest had 
either no glaciers or only cirque glaciers. 

The Sudetes, including the Riesengcbirge, were examined by Partsch^^ 
who recognised a double glaciation, a later one of valley and cirque-glaciers 
and a snowline at 1350 m and an earlier plateau type (not undisputed 
distant 6*5 km from the Fennoscandian ice and with an area of 84-3 sq. km 
and a snowline at 1150 m. The Altvatergebirge, contrary' to general opinion, 
may have nourished drque-glaciers.^^o There were glaciers in the Swabian 
Frankenwald,^^^ Fichtelgebirge,^^^ Bavarian Forest, 374 ^nd up to 
3 km long in the Bohemian Forcst«375 

The field evidence is often difficult to interpret and has led to many errors; 
creep has been diagnosed as glacial terminal curvature and slips as moraineSp 
The supposed cirques and moraines of the Rhon^^'S (950 m) do not exist 3^ 
and the giant kettles and moraines of the Pfalz arg see mingly not genuine. 37? 

Similarly, the alleged glacial phenomena of the Erzgebirge(1244 m) are 
sclifluxion features 3^1 (excepting one drquej and those of the 
(1142 m) have been thought to have no more substantial glacial foundationx^^J 
Glaciers in the Thuringia Forest(984 m) are likewise repudiated 3^5 and 
the Odcnw ald, Spessart and Taunus were devoid of ice, 

Carpathians. The Carpathians, now ice-freCj had in accord with their 
lower elevation and more continental position and the easterly rise of the 
snow line (see p. 651) a much smaller glaciation than the Alps. There were 
glaciers in many parts of the Carpathians,3^^" e,gx in the south and cast and 
in the Radna, Litau and Transylvanian A1ps.3S7 Small cirque-glaciers 
occurred in the We^t Beskiden,^^* in the Niedere Tatra(the gladers, up to 
7 km long, remained within the mountains) and in the llohe Tatra 35^ 
tvhich had 21 glaciers totalling 266 $q, km, comprising drque-gkders on 
the north and piedmont glaciers, up to 14 2 km long, on the souths In 
the Radna Alps they were up to 6 km long, in the Transylvanian Alps 8 km. 

(d) Mediterranean Reghn 

Scattered glaciers existed around the Mediterranean, e.g, in the Pyrenees, 
Iberian Peninsula, Corsica, Apennines, Balkans, Asia Minor and the Atlas 
Mountains. 

U-valleys, ci^ues, rock-baains, erratics and outwash sands attest the 
Pleistocene glaciation of the Pyrenees. First detected by Charpentier,^®l it 
has been the subject of numerous publications, 3?2 especially by Penck,^^^ 
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and of a riaum^ by L. Carcz.^^ The simple topography hd to a aunple 
glacier development as it does to-day. The snowline was in the north 
between 1700 m and 1900 m, on the south at 2000 m and rose to 2200- 
2300 m in the east. The glaciera were separate and unconnected across coI$, 
Like those of the present they were mainly on the nortli and in the centre of 
the chainthe average length on the south was less than 30 km while on 
the northp where the ice descended 400^600 m lower, the Ariege Glacier was 
63 km long, the Garonne Glader 70 km and Lourdes had a foreland 
glaciation 

Some of the highest elevations in the Iberian Peninsula had glaciers: 
Obermaier^^^ has given a comprehensive account with map and references. 
Their small growth accorded with the behaviour of the snowline (see p. 652). 
Small hanging glaciers lay in Cantabria, as in the Picos de Europa (2655 m), 
in the Sierra dc Credos (2592 m) and about Castanedo Lake, and the plateau 
type^ occurred in the Sierra da Estrella^ up to 13 km long, and up to 20 km 
long in Sanabria. Glaciers nestled in the cirques^^ of the Sierra de Gua- 
darrama (2406 m), Sierra Nevada (3481 and Sierra Tejeda {^^^5 m; 
36"^ 55" N.) and in the mountains of Galicia (up to 2100 m). Portugal had 
95 sq. km of ice. 

There were glaciers on the peaks of the Apennineswhich to-day, 
though covered with snow o%'er large areas for three or more months, have 
only one small glacier^ viz. the Calderonc:^ near the highest part of the Gran 
Sassu (2914 m; 42® 28' N.)* They occurred in the Apuan ^ps and in the 
Ligurian, Etruscan and Umbrian Apennines, in the Abruzsd and on Monte 
Pollino (39*^ 54' N,), the southermost glaciated area. Every eminence above 
2000 m in the central Apennines was glaciated; glacier^ were up to lO km long 
and 33 sq. km in area and even pushed out on to the foreland. The snow- 
line^^ lay about 1670 m or at 1730-1800 m. 

The most elevated parts of the Balkans had a local glaciation,^ i^lgns of 
w^hich were first discovered in the Rila Mountains (2673 m) of the Rhodope 
massif by Cvijic^^ who did much to extend our knowledge of the Balkan 
glaciation,'*^ Cirque-glaciers in the east gave place in tlie wetter w'est to 
valley or even to plateau glaciers, as in Ac Dlnaric Alps^"^^ Numerous 
glaciers rested in the Albanian cirques,^*^ notably on eastern faces, though 
according to E. Now'ackt^w'ho summarised our knowledge of the Albanian 
glaciers, north Albania had plateau and valley glaciers up to 35 km long. 
Traces of glaciers have been seen in Dalmatia'^*® and cirques in Macedonia 
and in Ae Pindos and other mountains of south Greece.^^^ as far south as 
36'" 55' N*, the glacier in this latitude on Taygetos being the southernmost in 
Pleistocene Europe. 

A valley glaciation characterised Corsica ^*^the glaciers were up to 6 km 
long and existed in all mountains w'hich were over 2000 m high. Cirque and 
hanging glaciers occurred in Ac Atlas Mountain 3^*^'*(4225 m; 32*—32“ 3®^ ^■) 
in which evidence, more or less destroyed, has been followed down to 2100 
or 2000 m. The highest summits of Crete (2457 m) had no glaciation, 
nor seemingly had Etna**^* (3247 m)—the a5$ertion that cirques existed on its 
north-eastern face at 1800 m'**^ is said to be incompatible with Ac high ]e%'e] 
of Ae Mediterranean snowline (see p. 632) and with the Pleistocene age of 
Ac volcano (see p. 601). 

The Caucasus8 suffered from a glaciation intermediate in type between 
that of the Alps and Ae mountains of central Asia, Aough the claim that it 


WORLD GLACE AT I ON 


7:^0 

extended as a piedmont glaciation may be doubtfulIts ice was not 
raised above the climatic snowline by orographic banters as in ihe Alps but 
was confined to the vallej-s, leaving the plains and foothills ice-free. Its 
maximum was on the northern slopes of west and central Caiicasusp the 
biggest glacier (Teberda Glacier) being 77 km long: the Terek Glacier was 
72 km long, the Baksan 70 km, the Ardon 55 km and the Kuban more than 
50 km. 

Evidence of cirque-glaciers has been left behind in Asia Minor ,420 ^ 
the north face of Mount Olympus (2500 m), in Armenia including Mount 
Ararat m), on Demavend (5670 m) and other mountains in Persia, 

and on some summits in Palestine"*^ and Syria,"*^ e.g. on Mount Lebanon 
(3066 m) and Mount Hermon (^819 m). Nevertheless, the climate was in 
no sense a cold one'*^"* since several animals, e.g. Hyrax, Cervus darm, 
Patithera pardm and Crficwla, survived, and the country had not a single H>ld- 
loving animah Gebcl Katharina (2541 m) in Sinai had a fim hollow.'*^ 

3. Asia 

iTie extent of the Pleistocene glaciation in Asia, apart from the south¬ 
west just discussed, 15 still obscure. Its glaciers are known from the Hima¬ 
layas, Pamirsp Hindu-Kush, and Kuen-lun and the great mountain chains of 
the interior and north-cast. Recent maps, ^^6 ch diffe r among themselves 
(see figs, ijt, 132, 1331 191, 192), show' a vast ice-expanse in both the 
interior and the north of the continent though much less than in the Fen- 
noseandlan and North aAmcrican ke-sheets or the central Asiatic ice of 
P. A* Kra(^tkin 427 Siberian plain was covered with ice as 

were the hilly regions: the anticjclonic conditions favoured thinner ice than in 
Europe, with slower movement and less morainic materiaL I'he southern 
boundary lay in t, 60* N, as against e. 50° in Europe and c* 40®^ in 
North America, and coincided roughly with the present zero-isotherm, 
though in Europe and North America the ice-edge lay tO“2o®^ south of 
thi$ isotherm. The disjunct floral and faunal distributions in Eurasia (see 
p. 13S2) also prove extensive glaciation .428 NcverthelesSp the ke, though ex¬ 
tensive—the Siberian ice-sheet covered c. 4 million sq. km 429 —vva3 probably 
relatively thini measured on the flank of the Urals it was c. 700 m thick^^o 
(see below). 

The Himalayan glaciers, ^ Hookcr^^^ first noticed, are mere vestiges of the 
former giants 432 which existed for example in the Everest Range 433 
debouched upon the plain of Ka3hmir,4W They were more extensive in the 
Pamirs 435 _the Muksee Glacier was r. 195 km long—and considerably 
developed in Tibet 436 and t:he Karakoram Mountains -437 ^ pow^erful 
glaciation centred in west Kuen-lun 43 s and gbciers up to 100 km long 
occupied the vallep in central Kuen-lun 43 ® * they extended into the Tarim 
basin. Plateau glaciers occurred in Kitschik- Alai 440 ^^ith valley and 
cirque-glaciers in Tiefi-shan. 44 l They have also been discovered in Nan- 
shanp 442 in Outer Mongolia 443 Altai ,444 the largest attaining great lengths, 

such as the 320 km of the Tschulyschmanby Glacier iii east Altai, the 150 knt 
of the Buch Glacier in south Altai, and the 340 km of the Katun Glacier in 
central Altai. Central Kurdistan also had a mountain glaciation .445 

The Ice Age had accmingly little effect in south-east Asia. Yet bighorn 
sheep in Shantung may indkate an Alpine climate 446 glaciers apparently 
existed in the mountains of China.447 Cirque-glaciers were present in south- 
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west China, in Wutai-shan and Taipau-shan, and in west China and 
Yunnan. Certain features (striae, U-vallcj'S, boulder-clay, moraines) have 
been held to indicate valley glaciers in the Yangue-kiang valley^ in 
29® 30'’-37' N., though these would seem to be doubtful and out of tiamony 
with all other glacial relationships—^they require a fall of the snowline of 



Fk. 131.—Map of the hIbcm*'"" Aniev*. 67 , pp. Mfi, 6S9, ftg«, 18, 19. 


3000 m. The so-called glacial deposits were probably solifluxion products 
of a colder and wetter cbmate,'*^® 

Glacial signs have been known for many years from the north coast of 
Siberia * 50 ; they include moraines in the lower Ob, striae from the mouth of 
the Yenisei, and striae and moraines in the Taimyr Peninsula. They were 
referred to a weak glaciation (e.g. A, v. Bunge thought that thee. 1800 m high 
Verkhoyansk Mountains were ice-free) or to river-ice.'' 5 l Recent research 
has shown that the glaciated vallcp, cirques, striae, erratics, moraines and 
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terraces can only be explained by a vast gbciation. h even suggests that See 
extended from ^e Urals to the Pacific coast north of the 6and Parallelism and 
that vast glacier-lakes, stretching over the west Siberian plain from the Urals 
to the Yanisci and Ob (ice-lake sediments are know-n in this vallej'), drained 
southwards to the Aralo-Caspian Sea^^^ by the Turgai depression. How'ever 
that may be (and it is seriously deputed there can be no doubt, despite 
our imperfect knowledge, that with Obmtschewi^^ we must abandon the 
view of a feeble Siberian glaciation originally affirmed by A. Woeikof^^* 
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and generally accepted because the extreme winter cold was deemed un¬ 
favourable. Nevertheless, it would seem that the ice was thinner than in 
Europe and that the subglaetal relief exerted a greater influence’*S 7 _the 
highest mountains of the northern Ural Mountains were nunataks at 

maximum. . . . , 

Many centres of radiation, closely connected with high land, were sunul- 
taneously active, with coalescing glaciers spreading in all directions’*®*; every 
glaciated lowiand is continuous with such a centre (fig, 132). The more im¬ 
portant lay in the Ural Mountains, in the peninsulas of Yalmal and Gyda 
which glaciated the Ob and Yenisei, and in Taimyriand and the vast rolling 
upland between the Yenisei and the Lena. Every mountain east of the 
Una, e.g, Verykhoyansk^®* and Stanovoi,^*® had plateau and valley glaciers 
which swept into the basins of the Yana, Indigirka and Kolyma rivers as far 
as the New Siberian Islands,^' The western half of the Taimyr Peninsula 
w'as overridden bv ice ^00 m thick from centres in the Byrranga Mountains 
or even in the Nordenskiold archipelago and Severnaya Zcmlya^^ which 
moved southwards to Anabar Bay and the Yenisei and to 64 or even 
60® Ice from Novaya Zcmlya crossed Tim^, and its southern 

boundary' bctw'een the Ural Mountains and Irtysh lay in 61® 30' N. Lat., and 
east of I rtysh lay in 60® N. and crossed the middle Chatanga.^*® Chelyuskin 
Peninsula was enveloped though Jamal Peninsula and probably also Gydan 
Peninsula ivcre ice-free,'**^ as well as much of the coast of Indigirka, Yana and 
Kolvma. A mass of ice on the Siberian continental shelf or a dowmfaulted 
land to the north, forming part of a circumpolar cap, has been postulated.'**"^ 
In Wjatka and Kama erratics are from Novaya Zcmlya and the Ural 
Mountains, while in the upper Petschora they came from the former only.'*** 
Because of the ice from Novaya Zcmlya and the steepening of the eastern 
slopes of the Ural Mountains, the Ural ice reached the lower Ob, i.e. a 
distance of c. 500 km, though on the west it only attained the foot of the 
mountains^®—^its total area w'as c, 8oo,ooo sq. km. 

The Vitim Plateau and other highlands east of Lake Baikal,as well m 
the East Savan Mountains, were sei-erely glaciated though the extent is 
unknown. Only corric and Email valley glaciers existed in the Baikal moun- 
tains.^^^ North-east Siberia, including Sakhalin, was glaciated ‘*"'3 (fig. 133), 
though much is still to explore. There was a mountain glaciation, with valley , 
plateau and piedmont glaciers. Ice was centred on the Verkhoyansk, 
Chersky, Kongin, Kolyma, Anui and Anadyr mountains and coalesced into 
an ice-sheet extending* from the Lena to Bering Sea. Independent centres 
occurred on Koryak .Mountains and on Kamchatka. VVrangel Island and the 
New Siberian Islands had small centres, VVrangel Island even dunngthe 
last glaciation. The Sikhola Alin and Chans-pai-Shan, north and south 
respectively of Vladivostock, also bore glaciers.-'^® The Tschuksch Peninsula 
was almost entirelv buried by Typical glacial features (cirques, 

U-valleys, moraines) are to be found in Kamchatka-*”; glaciers flowed down 
the eastern slopes nearly to the sea but left a belt, 60-100 km broad, uncovered 
on the west and allowed woods of Betula ermsni to survive. Reticular glaciers 
in central Kamchatka gave place to cirque glaciers farther south 

Cirques, striae and moraines demonstrate the glaciation of the highest sum¬ 
mits of Japan'*^® and a snowline'*™ at 2S00-3000 m which fdl northwards to 
aeco m 'Phis is in keeping tvith the fall in temperature of 6®C suggested by 
fossil plants^*® and by the evidence of the corals^* and molluscs'**^ but 
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difficult to reconcile with the statement (based possibly on insufficient 
evidence) that the coraU denote a warmer climatedue to the closing of the 
Bering Stiait*^^®^ T'he glaciation was in any case trivial t glaciers were very 
limited in extent i cirques arc only slightly concave; and fluviatile topography 
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is domimnt. Formosa which was the southernmost centre in Eurasia 
27^ N.) had small cirque glacicrs^^—the snowline svas at 3400-3500 m— 
as had the Seturei Range (2554 m) and Shan Alin (above 2440 m) in Korea,“^®^ 

4. Arctic and Subarctic Islancb 

Arctic latitudes wltich escaped the Pemfio-Carboniferous glaciation were 
for the first time deeply glaciated during the Pleistocencp Spitsbergen^^ 
was in the grip of a vastly bigger glaciation than to-day. U*vaJie}'S^ rounded 
nunataks, striae, erratics and morainca prove this abundantly though epi- 
glacial movements of the land and sea have largely destroyed the signs on the 
lower tciTain+‘^®® loc from a more severely glacieriaed North-East Land^®^ 
filled Stor Fjord and overrode Barents Island in its southerly passage.'^^ 
On the north, it poured into the sea* its marginal moraines building up plateau^c 
off the coast.^®^ Farther the ice» 1000 m thicker than now, left free 

only the highest summits and soundings reveal submarine moraines on the 

continental shelh , . . , aq-i 

Novaya 2 Iemlya experienced a severer glaciation which F . Tschemyschew 
noted and others have amply confirmed."*^ The ice, bur)ung the two isl^ds 
up to 1100 m„ built a shelf on the w^est and flowed far into Barents Sea with a 
maximum thickness of 700-icxjo m in the coastal strip. Its influence may 
have been felt as far aw’ay as Franx Josef north of the Timan 

MountainSp and in north Siberia.'*^® Franz Josef Land had more ice than 
now''^^^ and Bear Island (536 m) a radiating ice-cap/^® 

The extent of the ice in Barents Sea is not certainly known. It is possible 
that a landmass on this site subsided in Mindel time'^^^ and that ice from 
north Russia, cast Spitsbergefit Novaya Zendya and Franz Josef Land united 
in one sheet over the shallow Barents Sea^ (G. De Geer^*- suggested a 
glaciation of Spitsbergen from a point in the sea to the east). This agrees 
with easterly lee-scralch^ found on Bear Island,with boulders from the 
Ural and Timan ice discovered as far west as the Kanin Peninsula* with 
fossiliferous blocks, identical with those of the Timan Mountains, seen on 
Kolguev Island^^ (which consists exclusively of glacial and marine 
deposits 5 ^): and with the depressions in the bottom of Barents Sea* inter¬ 
preted as ice-eroded hollow’s,^^^ Ihe unconvincing nature of some of this 
evidence (drift-ice, for example^ may have carried the blocks as they probably 
did those on King Charles Land 5 ®*), together with the relative smallness of 
the surrounding land and the power of the sea to break up glacier-ice^ make 
it more likely that glaciers occupied only the part between Kola Peninsula, 
Novaya Zemyla and U,S.S.R., the rest being sheeted with pack-ice*®^ 

It is reasonably certain that a small independent ice-cap 5»8 covered the 
whole of Iceland though an ice-free southern part has been postulated.^*^ 
The Faeroes, 5 excepting the highest summits, were likew ise buried by local 
icC|i possibly 500 m thicks w'hich streamed outwards to the coast^ -foreign 
erratics are missing save on the shore where they may be ship s ballast 
(F. Zirkel) or the discarded burden of drift-ice 1 Failure to find on Beeren- 
berg (Z54C m) any evidence of glaciation* apart from that at present in pro¬ 
gress, has led to the tentative conclusion that Mayen, which originated 
entirely by volcanic processes+ came into csdstcncc m post-Pleistocene 

Greenland’s Yderlami, despire assertions to the contrary,^bears countless 
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proofs of a bigger gbciation^^'*; rouJided suntmitSp erratics up to iSoo m and 
several hundred metres above the existing icse Ln north-east Greenland at 
distances 40 or 50 miles {c* 65-80 km) from its edge; driftp relatively thin and 
scarce; and striae up to 1200 m A.S.L. on islands and peninsulas now bare 
of ice in south-west Greenland—all atteat this. The ioe^ on an average 
perhaps 150 m thicker, 5 i 5 reached beyond the coast over much of east Green¬ 
land p oveiTN^helming islands and pemnsulas*^^* and even depositing it$ moraine 









Fjc- »3+. — ^Ntap of ihe North Aintriaa iec-ahc«t- R, F. Flint iq C. O. Dunbdr, 
Hittoriad Gsdogy, p, 439, fig. ifij. 

as submarine bauks-SlT In parts of west Greenland, the ice once extended 
seawards over the entire landmase^lS; it may have been continuous with the 
ice of northern Labrador (see p. 729). 

The flow was generally directed to the coasts and parallel with the fjords, 
Nunat^s, distinguished by their sharp alpine silhouettes (sec p. 576), and 
unglaciated strips existed in east Greenland®^® and in west Greenland,as 
in 66“ N. and 77-78“ N. They mainly occurred in south Greenland,^2^ 
especially along the east coast from Cape Farewell to Angmagsalik and in the 
districts of gramte and gneiss; a map of the alpine topography in south-west 
Greenland 523 jj ,^^Jy instructive. North Greenland was completely covered 
except for such nunataks as the Bevil’s Thumb and the northern half of Peary 
Land whose vast belt of terminal moraine, up to 45 m high and 5 km broad, 
bounds the glaciated country on the north.^^ 
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5. North America 

(o) i<OTth American Ice-sheet 

Extent. The North American ice-sheet was immense (fig, 134): its litera¬ 
ture, surveyed from time to time,^^ is of comparable proportions. Ice con- 
ccalcd more than half the continent, including the whole of Canada, less the 
Yukon tcrritorj'SM and part of Labrador (see below). It overwhelmed most 
of the north-east of the U.S.A. and extended down the Atlantic coast to 
central New Jersey and on the Pacific coast to Cape Flattery in northern 
Washington 527 _Long Island, Martha's Vineyard and other islands as well 
as Cape Cod consist (argely of drift resting on submerged banks. It over¬ 
rode, even during the Wisconsin stage, the White Mountains®^ (6293 1 ^ 
1918 m), Catskill Mountains^® (4305 ft: 1282 m), and Mount Katahdinsw 
(5150 ft: 1570 m) in Maine, its maigin spreading in a great curve as far as 
the valleys of the Missouri and Ohio (it crossed this river into Kentucky near 
Cincinnati and at points below 5 ^^) and to St. Louis on the Mississippi, more 
than 2000 km from the Labradorean ice-centre. Its southern limit ran 
through New York, New Jersey, Pennsylvania, Ohio and Indiana, to its 
lowest latitude of 37® 35' in Illinois (ice-rafted boulders in the Mississippi are 
strewn as far as 37° 1where the present mcteorologi^ and topographical 
CQ7jdjtion$ art least favourable —this southerly expaiision vs as owing to the 
resistance offered by the great mountain barrier towards New England and 
New York, to moisture-bearing winds from the Gulf of Mexico (see p. 661) 
or to anticyclonic winds W'hich, blowing in from the North Atlantic, brought 
more moisture and a richer vegetation than on the opposite side of the 
acean. 5 i 4 West of the Mississippi, the maigin followed generally the course 
of the Missouri, though it crossed this vall^ in places in North Dakota to a 
distance of 20-^ miles (c. 33-97 km) and to a less amount m South Dakota 

(see p, 496)- .. . , 

The ice enclosed the Driftlcss AreaS^ of Wisconsin, north-west 
Illinois, and south-east Minnesota (not Iowa as earlier thought) which com¬ 
prised over io,DO 0 sq, miles (26,000 sq. km) of pre-Cambn^ and 
Palaeozoic rocks. This ice-free area, first delected by J. D. Whitney, is 
clearly delineated along the W'isconsin drift border, though its boundaries are 
less certain where the older drifts have been seriously dissected or obscured by 
loess It owed its freedom from ice to its situation between the Labradorean 
and keewatin ice-sheets, to the obstructing highlands of north Wisconsin 
(600 m higher than the lake basins) and to the readier flow along the great 
Michigan basin and the low land the Red and Minnesota rivers dr^n.«» 
The fingers of the mer de glace differed in age on the east (Lake Michigan 
lobe) and west (Dcs Moines lobe) and therefore never wholly encompassed 
the region or isolated it from the continuous ice-frec country to the south, 
although the drift sheets overlap and at the Illinoian stage the ice advanced 
more tiian 300 miles (f. 4^ km) to the south. They blocked tlie v^lej^, 
flooded the margins,as in glacial " Lake Wisconsin’’ on the eastern fringe, 
and rafted erratics along the depressions that dissect it. The area, mvad^ 
by wind-blown dust (loess) and outwash from the pre-Wisconsin lOC-sheetsS™ 
was subject to pcriglacial weathering 5 ^ 1 —“fossil” blockfields, etc,, occur— 
and may have possessed local snow-drifts or glacicm .542 Another driftl^ 
area occupied 300 sq. miles (c, 780 sq. km) on the international boundary m 
south Saskatschewan.^^ 
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In the east, the ice passed off the coast of Maine and Massachusetts—the 
shoals and big subtnarine banks neat Cape Cud and Nantucket Island, in the 
Gulf of Maine and at the end of the submerged Hudson River Channel may 
be its terminal moralne,^"^ for till has been found on Georges Bajkk.^'*^ 
Between Long Island and Newfoundland, the ice may have spread out over a 
tooo mile (c. 1600 km) front as a mass of shelf-ice, and a row- of banks, 
probably the terminal moraine of the Wisconsin ice, with a core of rock, 
extends along the ^cater part of the Labrador coast. Encircliitg marginal 
nunataks,^"^ the ice crossed the international boundary in the Maritime 
Provinces of Canada and transgressed the boundar^^ as a number of marginal 
lobe$ in the meridional valleys of the Cordilleran ioe-shect to 48*20" 
where the dry climate arrested the advance. Impinging against the northern 
face of Gaspe Peninsula to r. 300 m, it swept along Chaleur Bay on the south, 
leaving part of the peninsula unglaciated though crowned by local cirque 
glaciers- 5 “ (see p. 1352)—even the Shickshock Mountains (4350 ft: 1326 
were overridden by fairly clean Labrador ice.^^^ Contrary to an earlier view, ^^2 
the icc moved southwards over Nova Scotia, the Bay of Fundy and the 
Banksthe Bay of Fundy, probably a fault trough,SM interpreted 

as a fjord bounded by glacially eroded escarpments.^ss irregular temiina] 

line of the extremely thin ice coincided approximately with the eastern and 
south-eastern shores of Cape Breton Island (which had an independent 
ice-cap^^ 7 ), while the ice overrode the lower ground of Prince Edward 
Island^^s (contrary' to earlier opinion^^^J and (doubtfully), the Magdalen 
Islands which some have thought were ungbdated.-^i Anticosti and 
the Mingan Islands of Quebec wxTe at one time overridden and received their 
"pr^lacial flora" by later immigration from Newfoundland and Gaspe 
Peninsula.-^ The big submerged moraine stretching from the Strait of Belle 
Isle to the junction of the Ai^ticosti and Newfoundland channels probably 
marks the front of the last ice-shcet.^*^ 

It is averred that the ice failed to reach the sea in the Tomgat region of 
Labrador and that the sharply serrated peaks, about aioo m high and mantled 
with disintegrated rack, tvcrc persistent nunataka. Nevertheless, a great 
ice-flood seems to have proceeded along the many long, graded "through 
valleys to the sea and to have overwhelmed the whole country at maximum 
glaciation in accord with the csistence of small glaciers in the recesses of the 
mountains, of widespread moutonnie and ice-polished forms on the higher 
summits of the Central Range up to r. 1400 m, and of U-shaped cols at con¬ 
siderable altitudes.Local ice-fields, like those of modem Grinncll Land 
probably covered many areas which the main ice-mass left free^^M 
endemic plants (see p. 13^2) characterise particular distributions of suitable 
soil rather than indicate a lengthy period of colonisation.^^ 

Newfoundland^ the glacial analogue of the British Isles on the opposite side 
of the j\tlantic, had an independent ice-centre which was w’cak on the east 
but as elsewhere, to judge from the height of the lategkdaJ isobases (see 
p. 1320), expanded beyond the present coast, Labradorean ice overrode 
it at maximum except in the south part of the Long Range which was a 
nunatak and plant asylum(see p. 139a). 

Canada^s northern strip, then as now too arid for snows to accumulate was 
only feebly glaciated: its thin ice eroded little and left part of the Arctic Archi¬ 
pelago ice-free. The Laurentide ice, whose western edge gradually diverged 
from the Rocky Mountains and became lower to the north,flovved over the 
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mainland between Mackenzie River and Coronation and united on 

the west with valley glaciers from the BrQok$ Range {see below)—erratics on 
Mount Clark (64'' jo" N.) prove a thickness of the ice in this part of the 
Mackenzie basin of 1300 BafEn Land^^^'^ Ellesmere Landj^"^ Melville 

Peninsula and Southampton Island had only local icc which may have 
been confluent. Prince Patrick Island, East Sverdrup Island and Grant 
Island were likewise glaciated, though it has been contended that the deep 
channels among the islands off north Canada are characteristic of glaciated 
coasts and imply that thick ice once covered much of the area,^^ including 
Victoria Island, King William Is Ian dp the greater part of Prince of Wales 
Island, but not Melville Island nor the islands to the north w'hich have V- 
shaped valleys and are without lakes. There is no evidence of an extensive 
glaciation of the shelf of Beaumont Sea (Carsola, 1954 )- 

Although the ice flowed northwards in northernmost Labrador,^^* it has 
been thought improbable that the Grcerdand ice united with that of Ellesmere 
Land 575 or Baffin Land. 5»0 Unglaciated terrain and numerous nunataks Ln 
w^est Greenland render a confluence with the Greenland ice unlikely 
except in the north (see p- 726) where the ice-masses coalesced over the narrow 
straits. The Greenland ice may have advanced 133 km or 60 miles beyond 
its coast .582 

The Alaskan iec-capp^SJ jn places up to 5000 ft (c* 1300 m) thick, was in 
general merely an inflation of the present valley and piedmont glaciers which 
floated as shelf-icc possibly to Middleton Island out in the Gulf of Alaska. 
There was a notable expanse of ioe in the intermontane areas on both sides 
of the Wrangel and Alaska Ranges, and a separate centre on the ma^ive 
Brooks Range, north Alaska, which was glaciated from end to end (600 miles: 
960 km) and sent valley glaciers that fanned out on to the plains skirting the 
Bering Sea and Arctic Ocean but not to the coast itself. South of this, 
glaciers invaded the sea along Alaska's entire l^acific littoral: a submarine 
moraine^ for example, crosses the outer part of Yakutal Bay and tllLlike 
marine deposits occur in the Gulf of AlaskaSeward Peninsula had an 
independent system and the Alaska Peninsula had valley glaciers which 
flowed off Kcnai Peninsula and covered Kadiak Island,^®^ ISJany of the 
Aleutian islands were apparently heavily glaciatedthe snowline was at 
240-300 m. Yet parts of .Alaska had no more iec than tO'day. 5®7 Thus the 
islands in the Bering Sea had no ice*^®^ and glaciers were anting in inner 
Alaska and in the main valley of the Yukon River vyhose low relief and dry 
climate were inimical: weathered forms remain undisturbed north of a well- 
defined line in north Alaska, and Alaska-Yukon has the following fossil 

fauna 5ft5. J^Jammurhus pnmigmms^ M- primig^niiiS compressiis^ M&mmut amm- 

eanm^ Rangifer^ sp-. Bison cfdssicornis^ B, aiieni, Syjnbas tyrells, Boothenum 
sargenti^ Ovtbuj ynkoneftsis^ O, moi^halus^ Oreanmos sp., Equus alask^ie, 
£. iatnbei\ Catnelopf sp-t Arctadus yukonerisi^, Atno^^n dirus ^ihskenris and 
Felis atrox 

Radiation Centres. North America ditfered from Europe not only in 
the more southerly position of its ieeshed but apparently in the plurality of 
its centres. D. Dana^^ argued in 1S71 for such multiple centres in the 
North American ice. ’t^Tiitney,^^* from still earlier studies in the 60s of that 
centurys discovered them in the Coast Ranges of the west, and G. M. Daw- 
ifi igS5 recognised them as situated east and west respectively of 
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Flud^on Bay. Except that in the Cordilluraii of tlit west, they were con¬ 
nected not with relief but with precipitation: they probably shifted inwards 

as degladation progressed. 

The Labradorean centre lay cast of James Bay in 50* to 55® 

(since its lategkcial focus of uplift was in QuebeCp Quebec centre'' might 
seem a preferable term^^ej. The Keewatin centre (Cree Indian, Ki-tce-tifi, 
north or north wind) of J. B. Tyrrelh^?? the more northerly of the three^ was 
situated in about 62® N. on a wide plain at 120-240 m east of Great Slave 
Lafee. The Patrician centre, which Tyrrell subsequently added, lay on the 
height of land betvi'een Hudson Bay and Late Superior at an altitude of 
c. 290 m in. 53"^ N. and W.; its ice radiated westwards over Minnesota 
and southwards over Michigan and Ohio* 

These three centres, forming collectively tlic Laurentide Glacieror 
"Laarentide ice-shect ” or simply the ^^Laurentide Ice "*,^ had on their 
w'est the "Cordilleran Glacier or the CordiUeran icc-sheei"*^ which, 
notwithstanding the high relief and relative nearness to the Pacific Ocean and 
its overall length of 2350 miles (f. 3760 km) and area of 875,000 sq* miles 
(c. 2,26/1000 sq. km), was inferior to tlie ice on the eastern plains—G. M. 
Dawson^^ early noticed that the ice-flow on the plains was not from tlie west 
but from the Canadian Shield. The Cordilleran ice in its growth, like the 
modem icc-shects of Greenland and Antarctica (see p, 671), probably passed 
successively through an alpine, a mountain ice-sheet and a continental ice- 
sheet phase At maximum it moved outwards more or less regardless of 
the topography, though whether its serrated peaks were overridden or per¬ 
sisted as nunataks is disputed.^^ Still not well known but appancntly not an 
ice-aheet but composed of confluent vaJleyp piedmont and intermontanc 
glaciers,*^ c.g. in the corridort 1000 miJe$ i6oo km) long and 300 miles 
480 km) broad^ between the G>ast Ranges and the Rocky Mountains, it 
had ita centre between the 55th and 59th parallels of latitude ’where it reached 
2100 m above the mean level of the interior plateau ^ It may have covered the 
northern Rocky Mountains and between the parallels of 49^^ and 63® N. 
have resembled modem Greenland. It overflowed the Coast Range through 
the Fraser, Skeena and Stikine Passes; filled the valleys of the Columbiap 
Fraser and other westerly flowing rivers; occupied the Strait of Georgia 
between Vancouver Island and the mainland to a depth of c. 900 m; impinged 
upon Queen Charlotte Islands; built up thick piedmont ice, as in Puget Sound 
and the Strait of Georgia, which streamed for several miles out upon the 
continental shelf; and, as in the case of the Puget Glacier in Wisconsin time, 
pushed up into the Cascade Mountain valleys impounding glacier-lakes.^® 
Its valley glaciers overflowed the eastern passes, e.g. the Athabasca Pass and 
Bow Pass, in the Selkirk and Rocky Mountains, and via the Peace and Liard 
valleys and over a front 400 milc^ (c- 640 km) broad splayed as piedmonts 
upN>n the plains of Alberta^ to a distance of 50 miles (So km). Vancouver 
Island had its own small radiation and Queen Charlotte Islands many local 
glaciers.**® 

Relations between centres* The Keewatin and Labradorean sheets 
jostled each other over long distances; In the Rainy Lake region of west 
Ontario, for instance, erratics from the south-west, e.g, Winnipeg Limestones, 
mingle with Archaean boulders from the north-east. The amount of overlap 
and the exact relation of the drift sheet?, as in Illinois^ are not yet completely 
worked out though, contrarj' to Dawson'^s opinion (see p. 670), the Keewatin 
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ice appears to have succeeded the Labradorean centre**^ possibly not in¬ 
dependently but as a dosing phase of ice-radiation^*^ which may not 
have existed in pre-Wisconsin times. W. Uphani,< 5 l 3 agreeing with those 
who regard the Keewatin ice as merely an eccentric development of the 
Cordilleran ice (see p. 670), deemed the Keewatin and Cordilleran sheets to 
have been continuous. Others, admitting that the driits of the t^vo sheets 
cover the whole area, as in Alberta,contend that they retained their ow'n 
movements and had their peaks at different times (in jUberta, the Keewatin 
drift overlies the Cordilleran drift***) or were parted by a fairly wide corridor 
or lane which was partially ftooded by their glacier-lakes*** in which big 
erratics were rafted out. The red drift of the Patrician ice in south Alanitoba 
and parts of Ontario, wliich shows no sign of erosion or weathering at its sur¬ 
face, is overlapped by grey drift of the Keewatin icc- Both drifts are referable 
to the Wisconsin glaciation**"* though a glacial terminal moraine in Alberta 
has been tentatively correlated with the Iowan **8 It now seems probable 
that the ice-masscs were confluent along a line iivhich shifted from time to time 
but was never far east of the Rocky Mountains, the line ninning generally 
along the Mackenzie and Liard rivers and near Fort Nelson and Calgary to 
the international boundary. 

Although the Appalachians may have had an independent " Appalachian 
System of Glaciers it is generally held, as for the Adirondacks,**** that 
northern ice overrode them; striae score the summits of the Catskill Moun¬ 
tains at 4205 ft*^* (1282 itij and foreign erratics rest on the top of Mount 
Abraham and Mount Katahdin even above 5000 ft*22 (1500 m). A local 
glaciation after (or prcceeding ? the general glaciation has been demon¬ 
strated for Alount Katahdin,*^'* the WTiitc Mountains,*^* and Catskill 
Mountains*^ and suggested for Nova Scotia,*^^ the Shickshock Alountains, 
Gaspd Peninsula, I^ngc Range (Newfoundland) and the coastal mountains 
of Labrador. 


(£*) Southern Cenires 

Alany ranges or plateaux, embracing at least 75 separate areas and a total 
of c, 35,000 $q. m (c. 90,000 sq. km) south of the North American irier deglac^, 
nourished local glaciers*^; their distribution closely p^lels that of the 
relativ ely few and small glaciers of to-day and was especially marked where 
the precipitation was heaviest and in the form of snow and where the aurntners 
were short and cool. The Cascade Range of California and Oregon and the 
mountains of Washington had a network of valley glaciers which expanded 
into piedmont glaciers in the north. I’he Sierra Nevada*^® possessed 
reticular glaciers up to 60 miles (c. 97 km) long, and glaciers and snowfields 
on a considerable scale studded the Rocky Mountains as far south as Sante Fe 
in 35“ 45' N.; they especially characterised north-west Montana, the border 
of Montana and Idaho, Columbia and the Yellowstone Park. Equally im¬ 
portant were in the Wasatch and Umta Mountains of Utah, in the Big¬ 
horn Mountains of Wyoming, and in the fogh ridges of Colorado.*** North 
America’s most southerly glaciers nestled in the San Gabriel and San Bernar¬ 
dino mountains of south California, in 34" 14' N.*** and in Cerro Blanco in 
34" S' N ,*32 

A glacier, up to 106 m thick and covering 26 sq. miles (f. 67 sq. km), 
capped Mauna Kea (417S ™) Hawaii*** (20 N.). 
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6 . Tf opics Soudiern Heml^pliere 

(a) Tropics 

The significance of the Pleistocene ghdation was first realised in the 
temperate latitudes of the oorthem hemisphere^ Glacial investigations^ 
apart from an occasional obsen^ation in Sooth Americap^^ only spread into 
tlie tropics and southern hemisphere much later—Agassizaverred in 1872 
that the tropics had passed through a glaciation and W, Sieve rs first 
demonstrated it in N. Lat. in central America. 

Africa^ the Iea$t glaciated of the continenta* had glaciers on its highest peaks 
which rise almost from the equator.^^^'^ J. W. Gregoryproved this for the 
first time in 1893 for Mount Kenya (o“ 12" S*; alt. 5195 m) whence glaciers 
descended to a level variously stated ^ ^ 

manjaro^ (3® 05" S.; alt. 6015 m) they covered 35059. miles {c* 900 sq. km) 
and descended to 3550 m, 3700 m or 14B0 m^ the snouts being depressed by 
900-tooo m or roughly the amount obser^^ed on Mount Kcnya,**^! Those of 
Ruwenzori^^ {o® 24' N.; alt. 5125 m) flowed down^^rds to about 1980 m. 
Mount ElgonN. ^ alt. 4315 m) which, unlike the above-mentioned 
peaks, is now destitute of ice, had glaciers which covered c* 75 sq. km and 
descended to c. 3300 m. Mount Sabino^ alt. 4529 m) ha$ 

morainea and fluvioglacial deposits at its foot. Mount Aberdare (iap845 ft: 
3914 m) had its glacier as had Sattima (3900 m) in Kenya, and Mount Chillalo 
(13,536 ft: 41Z7 m% south-east of Addis Ababa, and Mount Kaka on the 
Somdiland plateau.^5 

Traces of a former glaciation have been discovered on Ixtaccihuatl*^ 
(nf 10' N.; alt. 5286 ni) and Popocatepetl*^^ [19'^ 9' N. j alt, 5346 m) (cf. 
p. 602) and on Arequipa and other mountains of central Americaj^^ and on 
Mount Kinabulu in Borneo (6® N.; alt. 4230 m) and in New Guinea*^ 
(5® S. Lat.) where the glaciers were up to 15 km longer than the present ones 
and descended to about 2000 m. 

(h) 5our/ierjt Continents 

From the disposition of the accessible lands in the southern hemisphere, 
signs of glaciation may be expected in few' areas. For example, no part of 
Africa or Australasia except Stewart Island which was heavily glaciated 
(or had only small cirque glaciers*^2) and none of South America except its 
southern tip came within the glacial latitudes in the northern hemisphere. 
It is, therefore, not surprising to find that South Africa had no glaciers and 
that, except for a slight glaciation in Tasmania and the Australian Alps^ the 
Pleistocene ice merely extended the present glaciers in New Zealand and the 
Andes. This range, whose great altitude and extension through almost 
70° of latitude make it unrivalled for the study of Pleistocene gbeiers in low^er 
latitudes, had a glaciationwhich, broadly speaking, became more intense 
as the latitude increased; glaciers protruded far from the mounuins only in 
Patagonia and Tierra del Fuego (fig* 135), 

Glaciers ranged from Cape ilom (56" S.) to Sierra Nevada de Santa 
Marta (i j“ N*) except for a possible gap between 4® S* and 6® 30' S. They 
occurred, for instance, in the Andee of Peru,*^^^ Bolivia,®^* Chile 
Columbia*^® and Ecuadorwhere they w^ere of the plateau typt and 
descended on an average to 4000 m, i.e. 5 och- 8 oo m below the present limits. 
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Although up to 600 m thickwithin 700 miles (c. 1130 km) of the equator, 
they swelled markedly south of 35" S. as in Tierra del Fuego and abound 
Magellan Strait,*®^ producing fjords on the west and Zungenbeckm on the 
east. Their united sheet may have concealed all the land south of 52^ 
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and an area of three-quarters of a million, square mtles z million sq. km) in 
Patagonia though this, it is said^ is contrai}' to the survival of the old 
Magellan flora in sheltered localities in the west of the mountains^ and the 
unfrozen state of the ground in Patagonia and Tierra del Fuego as earth¬ 
worms prove by their distribution,^^ Erratics 
are vvidespread over Patagonia^ notably south 
of the Gallegos River: the Patagonian Pebble 
Beds^^are either glacial outwash or products 
of shifting rivers in a dr>' climate. The equa¬ 
torial limit of tidal glaciers was displaced from 
c* 45"^ S* to €. 37'3® The glaciation 

narrowed northwards w^ith the rise of the 
snowline and south-westwards with the de¬ 
creasing elevation of the mountains. The 
Falkland Islands (66o nt) w^cre not gladatedn^ 
New' Zealand's netw'ork of valley and pied¬ 
mont glaciers occupied over lo.cjoo $q, miles 
25,000 sq, km) or roughly one-third of the 
South Island^ ; for north 0^43** S- the glacia¬ 
tion was small — the northernmost centre of 
dispersion was in the Hardy Range and rock- 
glaciers alone have been found in the Kaikoura 
Range, Marlborough (fig. 136), On the 
south-west, south of Ross, glaciers invaded the 
sea but farther north, e,g, between Milford 
Sound and Hohitika, they terminated near sea- 
level and still farther north halted inland, so 
that in the Nelson Peninsula there arc no 
moraines below zooo ft (600 m). On the east, 
the glaciers^ despite their great lengths of up to 
180 km, failed to reach the sea,®^^ Later 
volcanic eruptions have prevented the extent 
of the glaciers in the North Island from 
being known.<^^2 They occurred, howevef;, 
on Ruapehu ^“^3 S.; alt. ^2803 m), on 

Mount Egmont (39^ 20^ S.; alt. 2320 m) and 
in the Tararua liange*'^^ (1540 m); c. 57 sq. 
miles (c. 144 sq^ km) lay above the snowline 
(Willette, 1950). The Auckland Islands in 
50* 40' S. Lat. south of New Zealand^ have 
extensive moraines and other features indica¬ 
tive of a former glaciation 

Contemporary glaciers (F. W, Hutton 
thought they were younger), covering 150 
sq. miles (c, 390 sq. km), existed in the 
Australian Alps, ^77 especially on Mount 
Kosciusko (36" 28^ S.; alt. ^^198 m), the 
highest point in the continent, as roches 
moutonn^. cirques, lakes, erratics and moraines prove — the final stage 
was a cirque glaciation. In Victoria the only definite traces of this glaciation 
are at Big Bogong Mountain (1984 m). Plateau and valley glaciers, up to 


FiC- 136.—of tht gldeUtion 
of New E. Anicvif 
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2000 ft (600 m) thick at the maxiTnum, buried roughly oite-third or one-half 
of Tasmania^*^ Lactuding the Central Plateau, and protruded in places into 
the sea- valley and cirque-gladers represent the later stages(fig. 137). 



Fio. 137.—Map af TasxnfliuE shovk'lnj; die cxtcni of the gladmtlons. A. N. Lewb, P, R. 

Tmfn. 1944, P' +:i- 

Macquarie Island, about midway between Tasmania and New- Zealand, 
was overridden by ice from an area to the west now down-faulted into the 
erratics w^erc uplifted laoo ft (r. 360 m) from outcrops on the west 

coast- 

(c) Anfctrcf]fciJ 

The STjbantarcdc islands, except apparently Bouvet and the fiallcny 
Islands,^ 1 had a inueh severer glaciation. 'I*his applied, for example, to 
Heard Island^^ and to Kerguelen**^ and South Georgia*^ AvUich Avere 
almost Avholly ice-covered. 

Striae and roches moutonn^, erratics and moraines demonstrate decisiA'^ely 
that the Antarctic ice at one time spread far aboA^e and beyond its present 
boundary. This important fact, first proved by R. F. Scott**^*^ has been 
confirmed bv all later observers, ae in Graham Land^ (the ice was at least 
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300 III higher), in K^ser Wilhelm Land,^^ where the ice was 350-400 m 
thicker and gneissic erratics were conveyed to the sunrirnit of the volcanic 
Gaussbei^ (371 m). and in the Edsell Ford Range (the ice was c. 600 m 
thicker). In South Victoria Land,^’^ the Beardmore Glacier was 600- 
1200 m higher, Robertson Bay was filled to more than 300 m, and the small 
valleys to at least 600-900 m: moraines near Cape x 4 .darc are r. 3CX3 m above 
sca-lcveL Ross Barrier, supported on long skeletal ribs or aground, pro¬ 
jected far out from the outlet glaciers, abutted upon Ross Island to 240 or 
335 m above the present limit—the present Ross Barrier only came into 
exist cnoc after the land-borne ice retreated. Erratics likewise prove that the 
ice of Mount Fridtjof Nansen was much deeper,while the founded moun¬ 
tain sides prove that the whole country^ east of the Liv and Axel Hamburg 
glaciers was formerly glaciated.^^^ 

In accord with previous observations in the Alps (sec pp. 644, 71 j), Green¬ 
land (see p. 725). Spitsbergen and Alaskathe added elevation over the 
interior of the Antarctic ice was much less*^^i near the plateau it ^vas only 
60 m, in the Dronning Maud Land c. 240 m or more, along the sides of the 
nunataks of Neu-Schw^benUnd 400 m (including its Stvmpflmg^) and near 
the coast of South Victoria Land 600 m. The fact that many of the Antarctic 
cirques are empty or are bounded by abandoned moraines proves a former 
greater glaciation.^^ 

That the ice spread farther north is suggested by erratics and striae and 
possibly by the relict origin of the shelf-ice (see p. 171), the low level of the 
continental shelf around the Antarctic (see p* 1346), the morainic shoals and 
immense terminal moraines, a few^ hundred metres high, outside the ice- 
sheet,®^ e.g+ Mawson Bank off Adelie Land and King George Land and 
Davis Bank off Gaussberg and Queen Mary Land, the nature of the detritus 
on the sea-fioor surrounding the continentthrough a width of 200-700 
miles (f. 320-1100 km), and by the diatom 0020 found beneath the globigerina 
ooze.^^s Although its outermost limit at the peak period is unknowTi^ the ice 
probably travelled lOO km farther north in Kaiser Wilhelm I^nd^ and filled 
the sounds in the Ross Sea quadrant.™ Ross Barrier, resting heavily on the 
bottom of the sea, was thrust forward up to zoo or 300 miles (r. 3Z0- 
4S0 km). Submerged moraines form the Pennell and Iselin banks and lie 
off Kemp Land 3 w'hile Proclamation Island (1485 m), cast of Endcrhy 
Land, is completely gbeiated and has erratics on its summit™ Ice filled 
Gcrlache Strait off Graham Land to a depth of Soo transporting 

erratics to this land and submerging it to the outer islands.™ 

The ice may have reached 63® S. Lat™ or may have been bounded by the 
edge of the continental shelf as in Europe (see p. 714), The suggestions 
that the ice of Nevr Zealand and South Victoria l.and w^as connected™ or 
that the Antarctic ice invaded the coastlanda of south Australia^or extended 
to other continents'^*^ are entirely without foundationthe wide open 
Southern Ocean militated against a great expanse. Its mass, during the last 
glaciation, may have been greater by one-third or approximately 4 million 
cu. km.^*^ 
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2071 R, Speight, Bp. j4u7fr. /1. 13. 19* 1. 380. 80 Il»d. 342 {! it.); 354i 94. 81 F. W. 

Whiiehouse, Queetaiattd Pap. Dept. Gfid. 2 (l), 1940, 8 a 7462; C. Skotisbcrg, 

N. Vid. Sehk. Sftr. 11, i940p SS- 83 t 34 a, 418, VV, Salomon-Calvi, SB. hdddb. Ak. 
1931 (8). 84 56, I (V'lfl,', 33 - 85 soo', }. C, Witlis, .dirw. Bot. 34, 1920, 477. 

47— Q.E. H 
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86 40^, 133; ^22, 368; J. T. V. Bcnthem, Zo<A. Mtd. i937r 63^ R, £. Dicliersoii, 
P. Calif. Ac. 1 1 (i), 1921; Vh. Gen. Ned. Kcl. G. 8, [925, iii; R. Kr 3 use 1 , in A. 
Tobicr, Btr. x. Geot, Paldont. v. Swnalra, Basle, 1929, 335; B. Kubart, Ber. D. bat. G. 
46, 1928, 396; K. Martin, Leiden Satmul. G. RcJitmia, a, 1917. 87 gss, 369. 88 L 

iluus, Nyt. M. 65, [927, 169. 89 /J79. 90 StOf 39i I F. E, Edwaida Si S. V. Wood, 

Mon. Pal. S. i, 1849-77. 9 i tS6z, iq6; cf, 2379, 143; P. G. K. BosweU, P. G. A. 42, 
t93t, 88. 92 zS6y, 306, 93 r^79,189;]. Prestu-ich, Q.J. 27,1871, 478, 94 F. W. 

Hniwnvt, Plioeene MoUmca, II, Pal. S. 1925, 487. 95 709, IV, 1897. 96 1491, 173. 

97 N. O. lioUt, S. G. U. C, 180,1899,123; E. R. Lankester, Ph. T. aezB, 1912, 332; 
j, R, Moir,7. R’ A- !■ 65. i935j 34S' 9* R- v. Koenigswald, 0^. ftl. 19. 99 635, 479. 

100 565.67. 102 W. Salomon-Calvi, cf. N. J. 1932, II, 169. 102 F. W. Harmer, 

ciY. 499, 103 /M,0.7.5*. 2896, 748,760; 477 (3), 356: P, Tesch, M, Rtjktopsfi. 
Oelftt. 4, 1912; W, A. j. M. Watecachoot v. d. Gm^t, M. G. Stiehting C, 5 (i), 1941, 
19. 204 p. Tesch, Tijdi. 2, 54, 1937, 12. in; H. L, Heck, J, iM, 63,1944. 

1. 206 A. Biiioi, CR. J25, 1897,380. 207966, 34S, 389. id8 JJ37,36; IV 

(1), 6; G. G. Bitilarson, K. V. F«if. SeUk. Bid. M. 4 (5), 1925; H, Pjctursson, Q.f. 62, 
1910, 7 12; H. Schlesch, Abh, Arch. Mollutkenk. i {3), 1924. 209 18S1, 70, 1 id 6I0^ 

426,497, 605. 222 964,767(lit,);D. M. A. Bate, 7 . R.A.l. 58,1928,107; G, A, Blanc, 
Ateh. Antr. Ein. 58, 1927, t . na 2830, 85; iSSi, 71. 223 ). W, Durham, G. 3 . A 

B. 61, 1950, 1243, **59 (hg ). *24 W. H. Dali, U. S. G. S. PP. rasC, 19*0, *5; A. 
Kryshtofowich,cf. L. S. Betg , Zoogr. 2,1935,406; H. Yabe, J, Gg. G. yapan, 2 {a, ta), 
1923:M. YokoyaitiapJ. Fae.Sc. U. Tokyo, Sect. 2, G. i, 1915139 (6) 1930. t IS W, H, 
Dali, J. Ac. Nat. Se. 13,1912,243. 116 E. Dorf, op. cit. 66, 217 j6j, 21, 35, 60, 62, 

69,70; 709. IV, 1894: R. Arnold, Mem.Calif. ,< 4 c. 3,1903,65; U. S. G. S. PP. 47,1907; 
R. M. Eager. U. S. G. 5 . B. 513, 1912.6; C, H. Crickntay, J, G. 37, 1929,617; J. E, 
Eaton, B. Am. A. Petrol. G. 12, 1928,1 1 1; J. P. Smith, Se. 30, 1909, 346. 118 Ibid .; 

365. 60. 229 W, P. Gooding el al., U. S. G. S. PP. 207, 1946, 98, 100. 120 J. E. 

Sainty, p. P. S. 6, 2929, 65. lai J. Pnsmich, op. eit. 134, laa F. W. Harmer, 
G, A#, t936, 30- «3 89. 224 1377 . 12; P. G. H. Boswell, Sc. Metn. Tpmiich. 

« 9 * 7 i 44; R- G. A. 42, 1931, 87: I. S. Double, ibid. 35, 1924, 33a; L, D. Stamp, 
y. Canted. 11. 1926, 140, 225 xafir, 72. 226 972, 39, 227 1. S. Double, op. cit. 

228 L D. Solomon, P. G. A. 43, 1932, 262. 129 R, Wagner, y. LA. f. 190+, iSS. 

130 E. Dubois, Vh.Ak. BVf, 7.1904,215. 131 N, J. Krischtofoviteh, iJ. 5 , betg. G. 

24, 1910, 294. 232 K. Huckc. Z. Gf. 4, 1928, 137; E. Koch, At Min. G. St. 1 . 
Homb. 9, 1927,1; E. Stolley, Arch. Anthr. G. SehUrw.-HoUt. 4, 1900, 31 JB. Nieder- 
sdehs. G. V. 23,1929,31J D. Wirtas St H, lilies, J. G, 59, 1931, 46S, 233 1843, 459, 

134 ^658, 199. *3S W. H. Camp, Ecd. Men. 17, 1947. 182. 236 E. W, Berry, 

U. S. G. S. PP. 156, 1930, 33. 137 W. Ramsay, G. Fimk. Vet. S. Fsrh. 52A, 191O. 

138 1870, 458; H, W, Chaney et at.. Cam. I. P. 476, 1938, 248; J. tVaih, Ac. Sc. 26, 
1936. 3«3 * 39 Cant. /. P. 507.19+9,109; SSJ. i 944 . 3S4 i F. Kemer, Af. C. G. 

It’ien, 35, 1942, 8. 14® 489. 141 G. GStzinger, G. Abh. 9 (i), 1907, 69, 80. 

142 E. Blacktvelder, G. S. A. B. 41, 1931,134; K, Krejei-Graf, SeHehettb, 9,1917, t57 
(lit.). 143 A, Penck, Autland, 57, 1884, 645. 144 t 4 U, 7 (lit.); W. Salomon, SB. 
keidtlb. Ah, 1931 (8), 7. 245 »2,8. 146 jai. 462; W. CarU, C. Bd. 29. 193S, 26 ■ 

A. lessen, D, G. U.4, 2 (8), 1930, 24; F, Leyden, Z, G. E. 1933. 373; F. J. H. Merrill, 
Attn, N. r. Ac. 3. 1886, 341; C. Reid, op, cit.; K. Richter, Z. Gl. 17, 1929, 33; Z. Gf. 
6.1930. flo: 8, t932,6a; Abh. G. Pal. I. GrAfist. 11, (933; F. Wahnschaffe, Z. D. G. G. 
34, t88a, 573; E. Werth, Z. Gl. 6, 1912. 265. 147 A, R. Dwerryhouse. Gl. M. i, 

1893. 9; F. WahnschalTe, Z. D. G, C. 35, 1883, 837, 248 P. R. S. E. 7, 1872, 706. 

149 fkid- 12 .18&4. 773. 150 W. S. Cooper, Ecol. 4,19*3.118. 151 C. D. Holmes, 

G, S. A, B. 52,1941,1299; N, G. Homer, G. F. F. (A, 1944, 699. 152 K. v, QQlow, 

Z.D. C.C. 9 J> 1939. 3*5 (lit ). *53 3 ^ 6 . S‘i. *S 4 5 «, 7 *: S. E. Harrii, J. G. 31, 

1943. * 44 - *55 7 «, * 8 ; 884. 44 ; 184; ijoi, 144; 1771, 3S6; H. Philipp, 

C, Mitt. 1923. 84. 156 /76J, map 29. 157 R. F. Flint el al., G. S. Am. Sp. P. 60, 

J943. 158 W, H. Hobbs. G. y. 35, 1910, 146, 268, 259 J. G. Goodchild, T, 

Cumberland A. 12, 1887,134. 160966,396. 161 ay, 12. 16a 1720, 720; J. Bddcl, 
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Nw. 36, i949p 105, 163 W. Deeckfi, Z. D. G. G. 1906, 18. 164 F. Dcttenstaedtp 

cf, K. Richtcrp G. Rd. 28, 1937* 70; Kdppcrip Bir, Gphys. *6, 1930, 376. 165 A. 

Pcnckp Leop. ai, i88sp 105, 166 R. Gr^nmnn, Ath. sdchi. Ak. Whs. 39 (4)p 1925; 

in W, Frenkel el 0/., Grundrist d. V^frf^Mthichfr Saehjmi, Lpz. 1934- 167 Fx Bettcn- 

sraedt, He^lL Fer*. T3, 1934P 241. 168 1324, 1S9; ^325, 89. 169 /Jjj, iS. 

170 D. W, Kdiwkfnp cf. G. ZM. 39, 1929^ 501. 171 1297, map opp. 852. 172 4g0, 

52. 173 6it map I ; gii, 540; 97J, pi, 2 - L. Trevisan, iJ, C. C?/, i9p 1939, pL 1. 

174 I2^7p 350. 175 A, V. Ssalayp Z. CT. 27p 1941. 239 (map], 17& J297, 955, 

177 1617, 270 i R, V, Srbik. Z. G/. aS, 1942, 179. 178 H, P, ComeliuSp Z. GL 2&» 

i939p 258: G* Gdt^inger, M. Gg, G. 1913^ 39. 179 Y. BoLsse de Black, 

R Gff. pitys^ 8p 193S;, r33p 154. iSa L, M. Gouldp G, S, A. B. so, i939p 1371- 
i8r 15. 182 17^9. 1205- i®3 J^^97 p 274, SS^i P. Bcek. n/. G. Bern. 

1921, XVIJI; F, Nussbaun:^ JB. Gg. G. Bern. 20^ 1907, 28, 1S4 Lx Meyer, B. S. 

Hist. nai. Cctmur^ tip t9i2p 137. 185 A. jowettp Q^J. 70, 1914, zi t, 186 J^97, 

27a ; i824,zi7 ,O.Amp(mr,y.RA. sjp 1903,180. 187 1660, 726, 18S 51^,223,224, 

235 p =41 1 535 , 103, tS9 L. S. Bcr^, P. Bar. Se. C. 3, 1929, 467, H« A. 

LorentZp G. J. 37,191 ip 477, 191 JJ17, 427. 192 T. O. Cabot, G H. 29p 1939, 617, 

620. 193 CL 449* *04; J4J2, 245, 249p 263 ; 1693 ,449 i <^ 2 . 14, 1908, 113; J. Elbertp 

iV. J. BE. 25, 1908^ 648; A, Jakobi, Z. G. E. 1900, 147 j J. Schuster. SB. bayer. Ak. 
I909p I, 24; Ahh. b^er. Ak 25 (6), i9iip 1. 194 L. S. Berffp Zottgr. t. 1933, 467- 

A. Wetmore St B. H, U. S. Nat. Mkj. B. 155,1931. 195 ; G. Duboispj 4 *m. 

G.40p 1931^657^ *^^*574,2(0, T93 i,4tB,4T9 ; B.W.SoiithpP. G.^.53,1942,33, 197 

9iJp472. 19813^7^43. 19957,81 5.257,1929,43. 200/^^8,339, 5011743, 

40. 202 /480, 4. 203 793, 241. 365; 936, 71, 204 700. 205 466, 8; i 5 jj. IV (3), 

63; O. T. Or^Jiliei N. G. T. ao. 1941, t; A. M. Heltzerip N. Gg. 1\ i2, 1948, 32; 
J, Oxftal. N. Gg. SfM, Ak 25. 1945, jsj J. Rekatad, N. G. U. 62, 1912, S3;Hx Rcusch, 
Vfdr Sflsk. F. 1S90 (7), 5Sx 206 T. Vogt, N. Gg. Sehh. Ab, 23,1913,1. 207 _V* O. U. 

32p 19C0, 255. 208 1072 (2}, 223. 209 Jjoip pi, 3; P, WoJdstedt, Z. Gt. 16. 1928, 

235, 210 J020, 85, 211 iJ 5 j: W, Ramsay, F, it (2), 1894, 34, 212 11^ 772; 

477 { 3 )p 388 (map); i^l j, 174, 213 1524 208. 214 0 , Grupe, J. f, 1907, 52^ ; 

G. MQlIer, Z, D. G. G, 48, 1906, 433+ 215 J, Piltelkow, Gg. JVsehr. 1, i933» 721, 
216 IJ, Credner^ Z D. G. G. 32, 1880, 584. 317 J. Bchr, X f- C 304, 

218 2o 6; C. Anders, Fer. G, FrcfA, 31. i939^ E, Dathe. J. I.j 4 . f, 1I94, 

252; E, Zimmermami, thid. f. 1926, 42, 65. 219 G. U. l iomig^ Gg. G. Aduu. 

1913. ^33- 3^0 ^90- K. Olbiichtp J. Z,A 42, 1923. 341, 222 52 /, 1 , 

173: 14^5^ 92; W. KlimaszewakiH Z. GL 25 ^ 1937, 109 (map), 213 G, COlzm^er, 
Af, G^. G, fFien, 58, 1915^ 292, 224 E, Hanslik, ibtd. 50, 1907, 312. 225 1017, 162, 

17^; E. Berj^er, J, f, 193 r. 177, 226 R, Blaekowski, Z G. E. 1936, 359 flit.}, 

362 (niap)4 M, KUmasac-wski, ap^ At. 117. 227 33^, 353; 15^4, 205. 228 W, Lim- 
pricht, Eot.X * 91 ^. 353 - 9^3* 175; W, v. Lozinaldp Z D- G. G- 

6t, 1909, 447; cL S. Lencewiczp B. 5 . G^. Nenth. 25, 1916, 6, 230 H, Ha$$bgcr^ 

M. Gg. G. Wien^ 54, 1911, 281 (bt,); cf, E. 6, 1929, 105 (map)^ H, Mohr, M, G, G. 

35, 1942^ 2i7;S.Rudjiydkyi,Fe/reA-F&i(, 1918, 209; M. Schvmrabach, JV.J. ^B* 
8fiB, 1942, 189. 231 938; JD^J, 175; 1117; J, Hescmami, Aid$. LA. X.F. 173, 
1936; Z, Gf. i5p 1939, 63 ; V, Mitlhcrs, M. D. G. F. 4, 1913, 115, 232 /jo/, 71, 

233 Ibid.; Z Gf. 4. 1928, 153. 234^/4; H^Gx Jc^nkcr. M. Mrn. G- 1. U. Gromngen, 

2p 1909,9T : P, Kniizinga^ Vh. G. tnijnh. Gen. Ned. 4^ 1918, i ; H, Roedel, HAiox^ 27,1913, 
94; 29, 1926. T, 235 L, H^pke, Abh. tm. V. Bremen, 4, 1873, 525, 236 if27 ; luS. 

137 J. Ptiersen. N.y. 1903* I, loz 238 477, 329. 239 710, 240 P. TachJrwin^fcy. 

Z, Gf, 2, i92fi. 1281 t4S^ 14* 67. T39; J. Koro.X LA. f, 1918, I, 25: 

V, Miltherfl, Abh. L.4. 156, 1934 242 H- Hau^n, F. 32 {3), 1912; 42 (8), 1911. 

243 W, Tsehirftinsky, cf. AT, J. 1923, 11, 41 * M4 D. G. F. 3, 1911. 509; 4, 
i9tjp 115. 245 L Koni. op- af. 25, 29 fmap). 246 Z. Gf. 7, 1931, 93. 347 G. 
GBtainger, Z, Gi. 22. 1935^ 225- *4® ^^3^ 227: Jjoj, 22S; iJ/l, 64; H. 

Hausen, F. 32 fj), 1912; K- Huckc, Z, Gf* i, 1926. 27; J. Kom, Z.D. G. G. 70, 1918, 
92. 249 10^7, 227; 215' 35® 1. r9i&H 5 ^: 19, 1928, 588; 23p 
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i^az, 26; 7 ' f- 1 ^* 7 . * i C’ Min, J72; Erdk. 2,1951, 16. 25* E- Voiat. 

Z. Grf. 19, 1943, I. as2 1763, 3 s. 253 Ibid, qo, 254 J. Czyzcwaki, Trav. Gg. 

Wanati', iq, 1928, 65. *55 iiti, 64, 256 79J, 418* 257 H. Credner, Z. D. G. G. 

32. 18S0. 578. 458 A, Briquet, B, S. htlg. G. 22, 1908, 37s; K. Kellhack, J. LA. f, 
t9f5F 458. *59 j. Lorii, B, S. bdg. G, 18,1932,129. 260 1633 ,1 fi)* 8*- *6* J- A. 
E. den Doop, Tijdf. 2. 41. J924, t. 262 G* MCtller, y. LA. f. 1895, 40; W. Knnz, 
Z. Z). G, C. 63. 1911, 619. 263 R. Banlini;, ibid. 64, 1912, 157. 464 E, Delvaux, 

Arm, S. dV/o/ar, S^ig- 20, 18S4, 6; Attn. S. belg. G. 13,1886, xliv; J Lori£, ibid, xxvii. 
26s F. Wshnsehflffe. Z. D. G. G, 37, 1885, 897* *66 K, Wolif, F. Lk. 18 {2), 1909, 
] (7. 267 C. Laube, Vft. RA, 1884, 19+', \V. Wilhelm, M. V. E. Dre!€tefi, 3 (3), 1923, 
30, 26S E. Dathe, 7. 18^, 252; f. 1899, 247; Z. D. C. G. 52, 190&, 68. 

269 S74, 9 (lit.): E. Tietxe, J. RA. 37, 1S87, 56; C. Uhlif, ibid. 34, 1884, zzS. 
27® J-JOJ ( 0 , 47 (B, Halicky). 271 II39. 272 633, 479; 742; C. Gagel, Z. D. G, G. 

70, 1918, 94^ F. Schmidt, B. Ae. imp. 8,1865, 339. 273 P, M. [886, 256. 274 tjfij 

(1), 80 (Lit.). 275 Cf. S. Rudnydkyi, Z, G. E, 1931, 172. 276 Sir, 343. 277 rist 

pi. 10. 27S H. Credner, Z. D. G. G. 28, 1876, 133; 32, i 83 o, 587; A. Jentxach, ibid 
29, 1887, 228; H. Girard, Karslem & Dechem Arcfdv, 18, 18.44, 89. 279 F. Kloek> 
mann, J. LA. f. 18S3, 331. 489 ^027, 167^ R. Blaekowski, Z, G, E. 1936, 359; 

G. GStzinger,J. RA.tz, [912,46; 63,1913,132; O, Grupc,Jf. LA. f. 1907, 397: W, v. 
Lozinski, J. RA. 57,1907, 375 :60, 1910 ,1491 E- Werth. N.J. 1901,1,94; Z. JD.G, G. 
59, 1907, 80. 482 W. Iknnhold, %, Gf, 16, 1940, 2 q; £. Kununemw, G. Rd. 30, 
T939, 703 ; K, Richter, G.^B. 1. 1938, 431 (Ut,), 2S2 923, 238; E. Kum, Z. Gf. 2, 
^9*6. * 55 ' *83 ^*76, 434; E. Kutrimeron% op. dt. 703 (lit.); J. Lorii, Tijdt. 4, 1887, 
406. 284 477 (3), 374 (map): l6st, II, 21 . 285 n. V. Copelle, Tijdi, [3. 1896. i; 

j, Oruif, Vh. Wtl. Ak. 28,1923, 645: A. Erens, op. df, 49s: C, H. OatLngh, cf. C, Rd. 
J4, 1923, 2D2; C. E. A. Wiehmann, P. Ae, Se. Arrat. 8. 1906, 518. 286 E. Dubois 
cf. P. M. 1907, 166; J. Lorii, op. df. 423. 287 Ibid.-, logj, 41®. 288 /?, 76 

2S9 V. Milthers, M. D. G. F. 4, 1913, 1751 O. Toroll, Rp, B. A. 1S87, 724. 490 G 
6, 1863,168. 491 J22; Reader, r4th Oct. 1865; G. Af, 1870, 213. 292 G. M. 1901, 

142. 293 J, Croll, G, M. 1870, 214’, G. W. Lampltigh, op. eit. 294 jjj, 244, 

*95 564. *96 S, V. W*ood. Q.y, 38. 1882, 734. 297 j. W. Gregory, Rp. B. A. 

1930, 378. *98 JJ56. 87. *96; rzoo. 43. 299 3 H, 43: 595. 83; boo, 25: H. H. 
Howorth, G. M. 1907, 305. 300 17, *27: h, Agassiz, P. G. S. 3, 1840, 329; F. Freeh, 
Z. AV. 39. 1908, 75. 301 rsp, 177: I4S5, 77s; T. G. EJonney, N. 49, 1^3, 388; 
J. W. Gregory, G.y. 70,1927, 58. 302 A. Jentzsch, G. Rd. 12, 1921, 313. 3*3 9*J, 

I i J, P, Koch, A/. D. G. F. 4, 1915, 329. 304 622. 305 E. BrQckner, Z, Gl. 11, 

i9». * 03 ' 306 5 S 7 . 96; F. JohiMtrup, Z. D, G. G. 26. 1874, 533. 3*7 R, M. 

Decley, G, M. 1909, 86. 30B J455, 773. 309 G, W.Lamplugh, G. A/. 1901, 142, 

187, 284* 3*0 Ibid. 1923, 474. 311 R. M. Decley, C. M. 1916, 113. 312 H, 

W:stin Ahlmann, G, F. F. 66, 1944, 637. 313 G, M. 1870, 213. 314 739, 716; 
E, Dahl, A'. G. T. 26, J 947 , * 33 - 3 *5 97 *. 43 I A. M, Cockbum, T. R. S, £. 58,1935’ 
Sit; A. Farrington, J. GL i, 1953. *65; L, R. Wager. G. M. 90, 1953, 177; J. ’Wilson- 
Dongal, T. E. G. S. 12, 1924, 18. 316 rS, 221, 236; 166S, ^7. 317 H. Kaldhoi, 
iV. G. T. 12. 1931, 392. 318 K, Petersen, jVof. 32, 190S, 202. 319 A, Helland, 
PI. G. U. 23. 1897,1. 320 466. 21; 24/0. 38; A, Helland, op. df. 86; A. G. Hflgbom, 
Upf. B. li. >913.31, 321 79, 1 1 , 90s: rsb, 3S3 (o^p); A. M. ilsnscu, .drdi. M. N. 

[4, 1S90. 254; N. B. Peach, P, R. S. E, 32, 1913, 289. 322 M. janisew'sky, cf. 

G. Zb!. 4. 1903, 281; W. Ramsay, F. 33 (i). 1912, i; cf, S. Nikitin, P. M. iS«6, 257. 
323 Cf. 7 i 5 i IV, 124; 9r3, 653. 324 T, Tsehemyschew, CR. C, Arek. 1892, 35. 

325 S. Nikiiiii, op. df. 264; cf, iSSs, 154 (lit,). 326 W. Ramsay, op. rfl. (maps)] 

327 Sv, Meat. Brit. Reg. G. Northern Englaiul, Ed. 2,1946, 64 (map). 328 h!JS, 420 
(map). 329 S65, 100. 330 E. O. SchiStz, A'. G. U. 68,1914, fig. 7. 331 jjj, 

332 Op. df. 15. 333 1367, 42. 334 E. Wunderlich, Z.G. E. 1929, t7. 335 rjgy] 
717- 336 7 J 2 * pl- 10; A. Penck, SB. preuH, Ak. 1925. 350 (map). 337 4S4, 95’ 

3 38 1397 , 11 * 3 - 339 F- I Jeritsch, SB, Ak. TFten, 117, 1908, 403 ; S. Morawetz, 
P. M. 96, 1951, 21. 34® 6jj. SJ. 341 1373 , III, 34a 404; A.Stcippani, Alti S. 
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op. di. 75. 3S0 7JJp 247. 3 S 1 pl. 5 = 73 J. pi lo- 3 S 2 73 ^p i 97 - 3 S 3 ^^ 73 ; 
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U. Orcnobicy 30 (i), 1918: L. Mcj^r, B. S. Hist, not Colninr, n.s, ri^ 1912. 551 ^2. 
1913. 1 5 Gr Zbl. 22^ i9i7p 438; A. Nordon, Ann^ G. 37, 192S, 538 ; B. S. O. F. 5^ i, 
1931, 245; E, ScTiumachcrp M. G. LG. Ah. Lott, 6| 1908, pl 5. 361 L. dc [^mothr, 

B, S. O. F. Jp 25^ i897p 378. .\. Nordfsn, iMd 5* ii 193^. HSi l^Ppla.X LA. f. 

1910, II, 3+3. 362 Sgj, 172. 363 T276, t to. 364 J. tVi:t$4:h, G. Z. 10, 1905. 657; 
A, Riiihsburifp Firgemcald, b, 1933, 96. 126; 7, 1934, 77. 8i i93S. ^7’ 3^5 ^ 35 ^* 
IS5, 366 373, II, 544 ; 7634 (x>, 75 (map); Bun, C, Min, 1914, 3^, 4PI; Umschoii^ 

38, J934. 29; JB. M. Oberrh. O. k N F. 6, X917P i63: Bod, G. Ahh. 5, 193+, 127: 
Umsdmu, 3S. 1934, 570; Z. D- G. G. So, 1928, 245 (map); Z. GL z6p 1939* 70; \L v. 
GiU^rqp, Ardi. Sc. 55. 1S76. 136; .\. lluberp N:y. 3 B. 21, i90Sp 397; F. Klut^p Ber. 
nf. G, Frdb. 19, 1912, 6j ; P+ Plaiz, N. J. 1878^ 56; M. Bad. G. LA. z, 1893^ S37; 

C. Refielmamip IVitTti.yh. 51, 1895, 1S7; 59, 1903p ^51 Fi. SchropfcrT, G. Anz. 27p 1926, 
197; Bcr. itf. G. FrdL 31^ 1931 ^ 161; J. SSich, SB. hdddh. j4Jt, 1932 (r^ ii; G, 
Steininannp M. Bud. G. LA. 1893^ 65^ 743; N.J. BB. 2i, 1905. pl 23 ; J, StollcT, 

N. J. 1902, [, 60; A. Stfigel Z. D. G. G. T04, J932, iS (litr); O- Wittmann, Z. Gm. ii» 

i94Tp 222; Oberrh. G. Abh. iip 1940^ i?. 367 E. BHicknerp Z. Gi. ii, 1920, 85; 

O, SJegrcn^ G. F. F. 42^ 1920^ 31. 368 1248^ 5 1 \ 99. 369 G. Berg* Z. D. G. G. 

67, J915, 63. 370 F. Klcmcntp d. G. Zht. 38, 1928, R. Luc^jma, F. M. 1924* 

127, 177, 371 U, Kidcrkn^ C. Mm. 1932Bp 133; A. Ratbsburs;, FirgenKoId, 7, 1934^ 

39i 77t 14^’ 37^- I’l Daihe, Jf. LA. f. 1S81, 317: R, ELundt, C. Min. i9i2p 146. 
373 A. Suhmidt, SB. phys. foed. S. Edangen, 42, 19(0* 781 K. Wolff, F, Ut. 18 (2)1 
1909, 120 (lit.). 374 G. Priehausscr, Gcogn.jfh. 40* i9^7i 133^ Abh. boy^. G. LU* 

2, 193a; Firgcmcoldf lOp 1937, loS; Z. GL 26^ i939> 97; L. Pufferp Lotsa^ 74p 19261 

375 F. Bayberger, P. M. Bt^H. 81, 1887; C. Prichausserp Firgemcaid, 4, 1931 p 
37; W. RuhJ, ibid. 10, 1937, 117 ^ M. MajT, J^ndesk. Forsdi. Mun. 8, igiOp 90; A. 
liathshurff, op. dt. 65; ^L V. E. Dreiden, 1929. 1; A. RodJer, Z. D. O. G. 39, 1887. 
681 p, WagncPp If m, F. E^ Lpz. 4^ 1 899^ i. 376 W* Deetke, SB. iiftdf AM. 

1929(9}, 4; H. Philipp, Z. Gl. 3p 1909. 286 ;H. Praesentp P. M. I9i2p 11 278; A. Rohl. 
N.J. 1910, I* 50. 377 89; rJeiO> 228; H. Buckling, P. M. 1912, II 82; B. Die- 

trichp Z. GL 4, [91 j, 68. 378 D. Hilberle,. G. 17, 1911, 302; C. MehJiSp E. 2, 1925, 

S3- 379 li- Roger, ibid. 12S. 380 O. l-aube, FA, iS88» 184; R. Lucemap 

Firgemtfaldf i2p 1940, 40. 3®* 89; A- Raihiburg, Eer^ nic?, G. CiKmnitZf 22, igzSp 

4b; Firgemvaid, 6, 193% 9b, 126. 3S2 A. Bode^ J. LA. f. 190$, 126; E. ECa^-^r, ibid. 

L 1890, loS; J. Maiuzcr, cf. G. Zbl. 48, 1933P 510; H. Poser & J. HOvermaiui, Abk. 
BraunsdiEv^ IFriit, Get. 3,1951,61, 3S3 H. Lcmbkc, Z. G. E. 1926, 121“ R. A. LrDfi$cn 
& F. W'ahttschaffe, J. LA. i. i889p 124; l\. Pmer & J, Hdvermann, Bratmiehw. 
FFjjj G. 3p 1951P 6]. 384 M. Blanckcnbomp Z. D. G, G, 47, 1895, 576; J. C. Bonic- 
inannp J. £^. f. 1883, 407; H. Prfiscitoldtp ibid. f. i886p 170; G- Gdtzingcr, G. Abh. 9 
( 0 , i 9 o 7 i F. Rcgcl A/. Gg. G. Jem, 31 p 1913, 149 Qix.). 385 G. v. 5 ^ahn, ibid, 35, 
191S; 623^ 89. 386 ^74!p 7 (lit.); 9 JJp 716 (lit ): rj T. KrSuter, cf. Z. GL 19, 

193Fp 211; E, dc Mflitonne, B. S. G. F. 3 , 28, t899p 175, 309 (map); 4 p 1902. 33^1 
CR, C. G, i 904 h ^ 9 ^ (fig ) P P- Lchjn^ti+ E: i&8|p 34S; Z. G, G. G. 33p 1881, 
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116: P. M. 1891, 98; E. Rmncr, cf, C, 9, 19071 169: B- Szekwiy, Z. GL 19.1917, 
211: E. Tietze, Vh. RA. 1&78, 142, 387 621, 133; XOji, i; L. Mraxcc, B, S. raum^ 
Se. 8, 1899,111; L. V. Sawicki, M. Gg. & Wiai. 54, 1911)510 (lit.); Ann. G.ii, 1912, 
230. 388 E. Hanslik) M. Gg. G. Wien, 50, 1907. 3*2; L. v. Sawicki, B. Ae. CVaf«tv, 
1913, 83. 389 Ibid. Glob. 97, T910, 335; P. Vitas^k, E* 3t 92 (lit.). 390 621, 

178 (lit.): 162; E. Romcr, Trat?, Gg. Warfain, it, 1929, 171; V. Uhlig,. DieAr, 

AA. Wien, 68, 1900, i. 391 272, aio. 392 /209. 385. 397 (map); IJI2, 55: f2jj. 
151: R. Gg. S. Pyriniti, etc., 24. 1953, ti6; F. Carrigou, CR. C. Ateh. 1891, 98; 
G. dc Lorenzo, B. S. G. Itai. 14, 1895, 169; F. Mussbaum, Etl. zi, 1928, 80; M. nf. 
G. Bern, 1934, i; H. Obennaier, Arch. Aaihr. N.F. 4, 1906, 299; 5, 1907, 244; 
E. Piette, B. S. G, F. 3 , 2. 1874. 498. 393 J274, 163; 2 . AV. 15, 1884, 461 j £f, S. 
hilt. nat. Toul. 19,1885,105; E. G. k. i 894, 109. 394 Gdalogie det Pyrdn/esfranfciites, 
Paris, IV, V, 1909. 395 izog, 400; is74, 163, 396 1209, 388; A- Penck, Z. AV. 
15, 1884, 463. 397 H, Alitncn, B. S, G, F, 5. 20. 1950, 107; 6. 3, t9S3p 377- 
398 i2sS, 128, 421; P, M. 1921, 158, pi, 18; CR. C. G. 1933, 1276, 399 jW- Gg. 
G. Mun. JO, 191s. 28; W, l^nlbfass, P, M. 1913, II. 306. 400 979 E‘ Fleury, 
CR. 162, 1916, 599; L. Garcia-Sium, B. S. Gg, Lishctt, 71, 1952, 170; 11 . l..auiensaGh, 
P. M. 1929, 199: Z. GL 17, 1929, 324 (lit.); P, Vosselcr, ibid, 19, 1931, 91 (fig.), 102. 
40E L. O^arcia-Sainz, Etiud. Geogr. Madrid, 11, 1943, 233: G, G&tzingrr, M. Gg. G. 
Wien, 70, 1927, 103 • G. Hellmann, Vh. G. E. 8, i88l, 362; P, I-iupi, B. S, G, F. 5, 
18, 1937, 12; R. V. KIcbelsberg, Z. D. G. G, 80, 1928, 613; H. Obennaier & J. 
Caiandell, Trab. Mut. Gene. Made. Geol. 14, 1916; O. Quelle, Z. G. E. (908, 307. 
40a 9 T 3 , 726; /65S: R. Abna^, C. Z. 18, 1912, 259 (Ei,); E. Benoo, B. C, GL Itai. 

20, 1940, 141; V. Lusacoo, ibid. 19. 1939, 117; J?- Gg. Itai. 56, 1949, 90, 196, B. 
Biasutt', Atu' C. Gg. Itai. 1923, 1 [, 65; M. Gortani, ibid. 1930, II, 96; CR. C. Gg. 1931, 
II, 814 (map); T. Biclcr-Ch«teUn, B. S. G. Itai. 47, 1928. 33; 48, 1939, 133; C. 
Crema, tWd. 49 (5). 1923; R. v, Klebebbetg, Z. Gi. 18, 1930, 141 (lit.); ao, 1932, 52; 

21, 1934. t 2 t; G- Loitioa Sc D, Dainelli, ,^ffJ■ Ae. Naples, 2, 17 (i), 1923, t: 
M. Paei. Aid S, Tase, Sc, nat. 44, 1935, 13, 56; F. Sacco, Atti. Ae. Se. Tmin, 63, 
1928. 133; 73, 1938. 2931 Scarcella, B. S. G. Itai. 64, 1945 (1947), 99; K. Sutcr, 

G. Z. 38. 1932, 257; Z. GL 21, 1934, 99, 342; 23 , 1935, 142; Schiotiz. Geograpb. t4, 
1937 , *41 (lit.); R. Gg. alp. 38,1940,491. 403 1658, 59; R, Almagik, B. S. G. Itai. 38. 
t 9 i 9 t ixv : C. Cipema, ibid. 141 ; B. S. Gg. Itai, 47, 1919,259. 333 ; S. Franchi, B. C. G. 
Itai. 47, 1919, 239; R, V. Klebelsbeig, Z. GL 18, 1930, 157; C. de Lorenzo & D. 
Dainelli, op. eit.; F. Sacco, Atti S. Itai. 47, 1909, 269; K. .Sutcr, op. eit.; Z. Gi. 24, 
1936. *40 (El). ♦«4 9 t 3 , 73o (lit.): K. Kassert, Gg. Wschr. 1, 1933, 1017; D. 
Jaranoff, Z. Butg, G. G. tt, 1939, 247; A. Penck, Giob. 78, 1900, 133, 159, 173; 

H. Louis, G. Abh. J, 1 (2), 1930: A, Martelli, R. Gg. Itai, iz, 1905, 382. 405 329, 

301 : Abh. Gg. G. IF<e«, 1, 1899, 69: Ann. G. 9, 1900, 359. 406 Ibid. 26, 1917, 189. 
273: ‘V- Gg. G, Wien, 47, 1904, 146; Z. GL 3. 1909, 1. 407 6 bj, 91; R. Almagii, 
R. Gg, Itai. 36, 19291 169; A. Giund, Glob. 82. 1902, J49; K. Hassert, Vh. GTag, 
1901. 218; F. Katzer, G/ob. 81, 1902, 2?; K. Kayser, Z. G. E. 1932, 248; P, V. di 
Rcgny. cf. N. J. 1903, I, 310. 408 J, Bourcart, R. Gg. n.a, 10, 1922, i; CR. 170, 

t 92 o. 318: J' CvijiC, Z. Gi. 10, 1917. 247: J- Dcdijer, Gg. 31, 1917, 325: CR. 163. 
1918, 520; H. Louis, Z. C. E. 1926, 398; E. Nowack, ibid. 1920, 114; 1924, 29; 
Z. li. G. G. 75 .1923,219; C. Min. 1924. 535; R- v, Tegegd, N.J. Sbd. t, 1925. 470. 
409 Z. GL 17, 1929. i« 2 . fig. I. 410 G. Gatainger, M. Gg. G. Wien, 55, tptz, 468: 
L, V. Sawicki, Z. GI. 5. 1911, 338. 411 E. Gtipp, Z. G, E. 1921, 256; H. Louis, 
ibid. 1928, 1 f6; K. Ocstreich. Vh. G. E. 1899, 404. 412 O, Maull, .W Gg. G. Mun. 

9. 1914,492: G. 4 Wi. 10 (3), 1921.44,45,56,58,60. 86,87,89,92,116; G. Mistardis, 
Z, Gi. 25,1937. 122 (Ut.), 280: Z. Cl. a. 2,1952, 72; C. Nicuicscu, B. At. Se. Rottm. 
4. 1916,146; A. Scsiini, B. S. Gg. Itai. 6. 10,1933. 1 3 &. 4*3 9 ^ 3 . 725: P- Castlenau, 
CR. 136, 1903. *705; R. Lucema, Abh. Gg, C. Wien. 9 (i), 19,0, p|. g; Ann. G. 20, 
1911, 44. 414 J- Blatil, Z. GL 20,1932,160; J. BOdel. Erdk. 6. 1952,107; J, C 4 l^rier 
& A- Cbarton, G* R. 15, t 925 t 140, J. Dresch, Reeherches sttr L^valution du rdiej^dans 
te Massif CentTid du Grand Allas, etc.. Toure. 1941; J, FrSdin, G, Ann. 4, 1923, 58; 
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GeneraL The British Isles^ by virtue of thdr configuration and westerly 
position, formed a mountain ice-sheet an independent though com- 
poaite centre of radiation on the periphery of the Fennoscandian ice. The 
dominant mountain-clusters served as ice-radiants* They ^vere mainly in. the 
west tvhich w as most elevated and received the most copious precipitation 
as it does to-day. 'Fhe wide diversity of the rocks and the varied com¬ 
positions of the drifts and erratics* supplemented by the abundance of striae 
and kindred rock-scorings* especially in the mountains, make it easy to deduce 
the currents of ice (fig. 138)* 

Influence of FennoscandJan Ice. The Fenno&candian ice was near the 
east coast. It deposited true Scandinavian drift in Aberdeenshire,^ including 
the ** indigo boulder-clay at Ellon w ith fragments of marine shells {Cyprtna 

isfandica^ Astarie aretka} carried up by local ice pressed in upoit the land. 
To it also belong the sands and gravels with rhomb porphyry and laurvikite 
at the Bay of Rigg^ (14 boulders) and laumkite and other Scandinavian 
erratics of coastal Aberdeenshire, Moray Firth** and the Orkney Islands^ which 
w^ere either derived from these beds or drifted by floating ice. It likewise 
deposited Scandinavian drift at Warren House GiJI on the Durham coast^ 
(exclusively south Norwegian erratics and now almost covered by acolliery tip- 
heap) lacustrine leaf clays containing flint and chalk in the Tyne valley^ and 
Scandinavian erratics in the English drifts® as far west as the Cotswolda 
(fig. 129* p. 713J. Mentioned first by J* A. De Luc** and later by L. v. Buch 
and thought to have hecn brought over as anchor-blocks or ballast**^ they 
embrace rhomb porphyry^, lam^ukite* nordmarkite, sparagmite* elacohte$yenite 
Christiana pink soda-granite, Sima and ELfdal porphyries, saussurite gabbro 
from west Norway* gametiferous mioa-schist, l^pakivi and Angerman- 
land (?) granites from the Baltic* Scanian basalts (?}, cancrinite syenite from 
Sama, ^panigmite conglomerate from Scania, pyroxenite from Fettnedt 
(Oslofjord), labradorite porphyrite from Mos (Skagerrak), hallaflinta from east 
SmJIand, and red flints from Denmark* The transport may have been 
direct *2 gr more probably indirect — ^the percentage of the erratics Is small, 
they are associated with Scottish erratics in the Yorkshire drifts* and they 
become more numerous southwards, c.g+ through Yorkshire and Lincolnshirie. 

The FermoscandSan ice charged the Basement Clay (see p. 763) with sands 
enclosing arctic marine mollusca. It thickened the British icc and compelled 
tins to find its principal relief on the west, thereby occasioning congestion in 
the Irish Sea and reversing the flow' in the Solway Firth and Vale of Eden.*"* 
It disputed the sw ay of the British glaciers along the whole eastern coast from 
the far-off Shetland Isles and less remote Orkney Islands in the north to 
Norfolk in the south. From a dividing line about the Firth of Forth, the ice 
was bent to the north-cast out of the Forth and Tay, northwards over Aber¬ 
deen and Caithness, and north-westwards over the Orkney Islands, and made 
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to flow south-eastwards over the eastern Lammermuir MilJs and the Berwick¬ 
shire coast. TheTweed icecnrved round theeastcm shoulders of the Cheviot 
Hills, as proved bjr striae and drumiins, e.g. In Berwickshire and Roxburgh, 
and the Tyne and Tecs ice was similarly deflected. While, however, in 
Scotland and northern England the local ice, though modified severely in its 



Flo. I j8. — Glacul map of the British lilt*. 


flow vm able to ward off direct invasion, south of Flamboroueh Head the 
North unr«tncted access to the low country of ea« En^ 

-'S^lh'ng ceniS 

Before this pressure was exercised, the local ice spread beyond the coasts. 











SCOTTISH HIGHLANDS 


75^ 

It engraved striae tending north-eastwards in Northumberland and 
deposited local boulder-cky near Wtck^* and Aberdeen (with moraines) 
and momlties, with boulders of Shap granite, the “ Rough Ground ** about 
20-40 miles {32-64 km) seaward from the mouth of the Tee$^^^ 

I. Scot/ond 

Highlands. The Scottish Highlands, like the rest of glacial Britain, were 
buried under a vast sheet of confluent glaciers — An Teallach (3483 ft: 
1061 5 m) and Ladhar Bheinn (3343 ft: totq m) in the west may have been 
nunataka. ITieir radiants were about the highest elevations, as north and 
south of Ivoch Maree and in Assynt and other parts of Sutherlaiui^^ The 
lines of flow' were guided near the base by the grander topographical features 
but in the upper layers departed strongly from the valley trenda and at one 
period issued from an eccentric parting east of the main watershed in the 
north-west ($ee p. 668). On the east^ the ice encountered that from 
Fennoscandia (see above) and on the west overflowed the lower islands and 
even Jura but encircled the local ice-cap of Arran, Mull and Skye. 

Ice from the Momr centre flowed roughly easlw^ards to Cromar^ and 
Dornoch firths, carrying with it erratics of Moine gn^i^s, quartz granuUte and 
the readily recognisable Inchbae augen gneiss. The latter^ situated astride 
the iceshed, sent erratics \ve$twards, e.g. to Loch Broom, and east^vards over 
all the country ea$t of its outcrop^ evert on to the highest divides, save the top 
of Ben Wyvis which had a $mali ice-cap.They streamed across Black Isle 
to Cromarty and Moray firths and over Beauly and Dornoch firths to the 
plain of Moray and Banff and were scattered far and wide over the s^board 
of Easter Ross. Their eouthem limit passes from Loch Luichart to Beauly 
Firth and crosses the River Orrin just above its junction with the Conon* 

Examples of w^esterly transport are the gneiss and schist found at great 
heights on the Torridonian rocks, e.g. over the entire Applecross Peninsula, 
and thnjst-Torridonian sandstones from near Loch Carron which were con¬ 
veyed to the summit of the Cambrian quartzite of MeaJi a' Chirm Dearg^i 
(3095 ft: 9+3*5 m) and the plain west of the Moine thrust. Boulders of 
Cambrian quartzite and Torridonian sandstone bestrew'the whole Lewisian area 
of the west. This westerly or north-westerly carry agrees with the boulder- 
trains from the various members of the Lewisian itself, e.g. se^ntines and 
peridotites, and with the Lewisian boulders which rest on Torridonian sand¬ 
stone west of Gruinard Bay. 

Rannoch Muir was another great gathering ground; its radiating glaciers 
carried erratics of the Rannoch Muir granite, e.g. into Glen Lyon, Strath 
Tummel, Strath Tay and Glen jUmond. This dominant mov-ement in the 
east h confirmed, for example, by striae on Scbiehallion at 3000 ft (r. 915 m) 
trending S. 20-60** E. and by the carry of Ben Vuroch granite boulders to 
Kirriemuir, Angus. 

Ice from the Cairngorm Mountains, the biggest area of continuous high 
ground in Britain, threaded its way eastwards down the Dec. From Gaick 
Forest and Beinn Dearg it streamed southw-ards into Perthshire and north¬ 
wards to the tributaries of the Spey: it arrested the easterly flow from Ran¬ 
noch Muir^ 

Ice from the west overrode the almost featureless MonadhJiath Mountains, 
whose summits approximate to 3000 ft (f. 900 m). That from the Great 
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Glen crossed obliquely the vallep of the Nairn, Findhom and Spey— 
erratics of Old Red Sandstone from the Ness basin occur on. the south side 
of the Stiathnaim Hills and as far east as Loch Moy and Tomatin on the 
Findhom and the ^\atershed with the Naim. Erratics of the granites of 
Kinsheary and .^detach travelled to Banff and Elgin respectively and those 
of the Moy granite to between Dallas and the River Spey. 

rhe big depresaion of Loch Liunhe largely determined the course of the 
ice ivhich, fed fay converging currents from cJtherside, Bowed south-westwards. 
The Linnhc ice was joined by powerful masses w-hich swept down Loch Leven 
and along the Banks of the Ben Nevis range from the eccentric iceshed afaouT 
Rannoch Muir (see above). The combined stream carried Ben Nevis granite 
to the south-west, Glencoe volcanics to Balbchuljsh, and kcntallenite from 
Kentallen along Loch Linnhe. Farther west, erratics of the Morv en granite 
were moved south-westw ards to the Ardamurchan peninsula while on the south 
Old Red Sandstone and volcanic rocks of the mainland were conveyed over 
Jura and Scarba and possibly to Colgnsay.22 

fn the south-west Highlands, the movement was generally south-westwards* 
It was controlled by the major glens of Ftive and Orchy through which the ic^ 
wound from Rannoch Muir. From this source the whole country east of 
Loch Awe was at one time overridden since rock-types from Glen Orchv 
bestrew the highest parts. Between Loch Awe and Oban, the flow- was 
generally slightly south of west. Granite boulders about Loch 4we are in 
vanably of the Ben Cruachan ty pe, the Glen Etive type being confined to the 
path of the Gkn Etive ice. 

I>och Fync similarly dominated the flow in .Mid-Argvic though there was 
divergence to the south-south-cast along I.och Goil, Loch Eck and Loch 
btnvtn to the firth of Clyde and wcstivards along the Crinan depression to 
the ^und of Jura. Erratics of the Garafaal I Jill granite are distributed along 
Loth hek. Loch Lx>ng, Gareloch, Loch Lomond and the Firth of Clyde 2 ^ * 

Skye« had a local centre in the Cuillin Hills and Red HiUs At an earlv 
stage, Its ,ce prabably extended on to the lower parts of the mainland since 
erratics from Skye (Mesoioic and Durness limestones) are found in the 
extraneous drtft. At the climax it withstood the mainland-ice on the line 
Broadford-Loch Eishort-Ky le of Scalps and the Narrows of Raasay With i n 
this of f. 400 sq miles (e. rooo sq. km) Highland erratics are absent 
and smae are disposed radially. .% the distance from the centre increased 
the Skye ice conformed more and more to the extrancotis flow which curved 
round It on the east ^d south, distributing Moine gneiss erratics at all alti- 
tudes on Scalpa and and about the Slcat of Skye 

Mdl also cradled gladers^s lasted throughout the Ice Ape rho..<.b 
mainland ice mvaded the margins of the island from the south-south-east Sd 
scanered its etratics profusely, e.g. Morven granite, Moine gneiss, Tri^ 
santblone (from the bottom of the Sound) and a few quartzites InfluenSd 
p^ly by the Insh Ice. ,t proceeded north-westwards over Iona, TirerSd 

Mainland ice overrode the islands of Rhum. Canna. Eigg and Muck 
the south-south-east^^ It carried Highland erratics, e.f mical^lSt S 
gametiferoiis gneiss, Tomdonian rocks from the floor of the sea. anlTrLdt 
gabbm and Dumess Ljmisitone from Rhum. granite^ 

The Outer Hebrides were gjaeiated by ice which crossed the Minch from 
Skye, Ross and Sutherland, with a westerly component that lessened asThe 
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islands are followed northwards.^^ Xufiataks,^ excessively frost-shattered* 
projected in South Harris, South Uist and Lewis, though in W. Pander's 
opinion,^® Lewis w^ss completely overridden^ Mainland erratieSp comprising 
I'orridonian Sandstone, Cambrian grit and limestone, Moine gneiss, and 
chalk flints (from the sea-floor) sprinkle the hillsides,^® Arctic shells and 
foraminifcra are embedded in the drifts of the plain of Lewisbut are lacking 
from the remainder of the Outer Hebrides possibly because the shelLladen 
ice was deflected as undercurrents north-east and south-west along the Minch 
and only the higher* dean ice crossed the islands.The marine fauna about 
the time of the upper boulder-day contained such cold forms a$ Pec ten 
{Chiamys) istaridkuif Alacf/ma Astarte borealis, and Mya tm/ieata var. 

uddevalknsis?^ Ice overrode North Rons and the neighbouring islands from 

the south .34 

Southern Uplands and Midland Valley. TEie ice in tlie Southern 
Uplands was dispersed from the mountains of Gallo way *^5 the high ground 
between the Nith and Clydcj^^^ and from plateau glaciers at the head w'aters 
of the Ettrick, Yarrow and Tweed. 3 ^ It flowed dowti the master valleys and 
carried its characteristic rocks, c.g. Silurian grej-wackes^ with it. On the 
north, it joined the Highland ice, the combined stream completely filling the 
Midland Valley and burying the Ochil Hills of Perthshire and the Lomond 
Hills of Fife. Aloving to the south-east or south-south-east it moulded in 
this direction the drumlins at Clackmannan and Glasgow and betw^cen Falkirk 
and Linlithgow; fashioned crags and tails, e.g. Necropolis Hill, Glasgow* 
Castle Rock and Arthur's Seat Edinburghp and Traprain Law in East 
Lothian; inscribed striae on the summit of the Lammermuir Hills^® ; distri¬ 
buted the local erratics, e.g* volcanic rocks of the Kilp:itrick Hills, Campsie 
Fells, Ochil Hills and Pcntland Hills, the dolerite of Corstorphlne (found at 
Leith and Portobello)> and of the Clebh and Lomond Hills, carried to the east 
coast, and the Craigmillar Sandslone of Edinburgh dropped at Dunbar. 

Highland erratics w-ere deposited on the tops of the Pentland Hills, e.g. on 
Allermuir Hill,on the summits of the Ochil and Sidlaw Hills,^ and as far 
away as the heads of the Esk and Lyne valleys, the eastern headland of Fife* 
the northern foot of the Lammermuir Hills and at Duns and other places in 
Berwickshire.'^^ Boulders of the Garabal Hill granite (see above) were 
conveyed to the south shore of the Firth of Fonh^e.g. to Granton and I.^ith, 
and of the Old Red Sandstone Conglomerate from the Highland border at 
Callander and Aberfoyle to Edinburgh^ 

This flow w^as subject to topographical and other variations. On the plains 
of Ayrshire, for instance, the varying strengths of the contending glaciers from 
the Southern Uplands and the Highlands led to a crossing of the striae, e.g. 
in the Kilmarnock area,^^ and to a modifleation of an earlier east-w'est set of 
daimlins by a later north-south set ^'^3 The erratics were mingled—for 
example. Haggis rock and radiolarian cherts from the south were transported 
to Glasgow* and Highland erratics crossed the Paisley and Renfrciv Hills to 
Irvine* Kilwinning and Darv^eh 

The Galloway ice on the north, e.g. that moving over Loch Doon, formed 
a diamond-shaped flow^ with the Highland ioe^ (fig* 139) and deflected 
through west to south-west and forced to move coastwise in south Ayrshire 
as striae and erratics from the Boon and I>ee granite prove, leaden w^ith 
countless boulders of this granite and of sedimentary' and igneous rocks from 
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Ayrshire, it pa&acd off the coast and oo to the fthinns of Gallo way, there to 
dump some of its material with Cretaceous flints and shelly fragments dredged 
from the sea-bottom (see fig. 113, p, 63a), 

The congestion in the Midland Valley was relieved by a fanning on the east. 
'Fhe ice after moving eastwards over East Lothian s\™ng on to a south-east 
course parallel with the coast. It overflowed the northern spurs of the Lam- 
mennuir Hills and the broad Merse of Benvickshire and transported coal from 
1 [addingtOA to Oldhanistocks, Highland erratics to the Tweedy and boulders 
from Eskdale over the lower cols to the Teriotp 

Strathmore ice advanced northwards along the coast of Angus and Aber¬ 
deenshire^^ as far as Peterhead, extending for 10 miles (c. 16 km) up the 
Ythan vaUey and for a few miles up the Dee where its red day is prcser\'ed in 
sheltered patches east of prominences.*® It dredged up marine shelb from 
the sea-floor, together wi^ Cretaceous boulders and fossilSn^^ and numerous 
rolled and weathered flints*^ derived from the same source or from Pliocene 
terrestrial gravels. The material deposited in a red clay, formed of dis¬ 
integrated Old Red Standstone rocks from Kincardine and the traps of this 
county and Angus, which lies cast of a line that falls from 90 m near AJdic to 
60 m north of Stirling Hill and 30 m west of Peterhead. The Strathmore ice, 
in its cleaner part, poured over the Carron-Cowie divide to the Dee water¬ 
shed.*^ In north-east Aberdeenshire, Moray Firth ice offered opposition 
and carried Inchbae gneiss erratics to betw'een Fraserburgh and Aberdour, 
Cambrian pipe-rock from the North-west Highlands to Cullen in lower Banff¬ 
shire and near Turriff and Maud,^*^ and boulders of Mesozoic rocks, e^g^ Lias 
and Oolites from Elgin and Spey mouth across Banffshire to Peterhead and as 
far as Ellon* This ice laid down the black-blue boulder-clay of the Banffshire 
coastthough this is in places slightly earlier since patches of it containing 
granite boulders from the south are locally encased in red clay* 

The eastern strip of the Caithness plain was overridden from S. ao" E.^^ 
(later from the souths after the Scandinavian barrier had shifted somewhat 
eastwards). This is shown by striae, by marine shells of boreal, arctic and 
southern species n and by the carry of erratics, such as Sarclet conglomerate, 
Inchbae augen gneiss^ Cambrian pipe-rock, Mesoaoic rocks and fossils (in¬ 
cluding bclcmnites, jet and fc^Ll w™d)^ chalk and flints and the Leavad 
erratic (see p. 363), This powerful ice deflected the local glaciers issuing 
from BerricdaJe, Duitbealh and other glens through north-east, north and 
finally north-w^est; the line of confluence, which tvas liable to oscillate as cross- 
striae and the mingled boulder-clays show', runs from Berriedalc to Reay 
(fig. 140). 

Orkney and Shetland Islands* In harmony w ith this movement was 
the glaciation of the Orkney Islands by extraneous ice from the south-east 
and south-south-east. Flow'ing independently of the physical features and 
deviating but slightly as it impir^ed upon the eastern slopeSj®* it introduced 
marine shells and foraminifer^^ Mesozoic rocks (chalk, flint, oolite), Highland 
schist, gneiss, quartzite, epidiorite, granite and gabbro, and Carboniferous 
limestone (? from Fife). 

The Shetland Isles were surmounted from the east, with zig-zag deviations 
controlled by the relief. This is evinced by striae and the transport of local 
rocks—Mesozoic erratics and marine shells are absent, possibly because the 
islands then stood higher.^^ 
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Glacial success]on« East Scotland experienced a threefold glaciation 
to which striae, erratics and boulder-clays of different compositions testify ; a 
few sections show all three drifts in direct superposition. The first ice 
fanned over Moray Firth and overflowed north Aberdeenshire from the west 
or north-westp carrying lAith it Cambrian pipe-rock, Torridonian sandstone^ 
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Elgin Sancbtcne and much Jurassic msiteiial (about Banff and Huntly); 
Suthcflajid granites were conveyed to Elgin. It moved southAvards over 
Aberdeen with debiia from the Huntly igneous complex and as far west as 
Alford, and proceeded to Montrose^ IGneardine and Angus, impelled along 
this Course by Scandinavian ice out to sea. 

The second ice,, which followed a degtaciation represented by the BenJiolm 
peats (see p. lOii), had centra in the Banffshire Hills south of the Momy 
Firth as well as farther west in the Cairngorm Mountains. Belonging 
apparently to Scotland's “ maximum" glaciationit moved uniformly nortli- 
wards over eastern Scotland^ e^g* over Aberdeenshire and the Moray Firth, 
Caithness and the Orkney Islands — chalk flints, dredged from Moray Firth, 
occur in its red boulder-clay in coastal Sutherland and with manne shells in 
Caidmess and the Orkney Islands. It picked up Inchbae augen gneiss, 
Lewisian gneiss and Cambrian quartzite, dropped by the first ice on the 
bottom of the firth, and carried them north\^^ds into Caithness. On the east 
it was confluent with the Strathmore ice which, char^ged with a copious red 
bottom moraine formed by grinding up the soft red shales of Strathmore and 
the shales, sandstones, conglomerates and lavas of the Old Red Sandstone, 
transported volcanic ash from the Ochil Hills into the Orkney Islani^. 

The third sheet fanned out over Moray Firth from the Northern Highlands 
and the region cast and west of the Great Glen w’ith a variable axis that v%aa 
abort of the coast between Fraacrburgh and the Ythan and passed out to sea 
between here and Aberdeen (Bay of Nigg). The Banffshire Hdls, Cairn¬ 
gorm IVIountains and Central Highlands contributed their quota. Ice flowed 
out to the Bervie, North Esk and South Esk valleys^ 

Firth of Clyde. Firth of Clyde ice, supplied with Highland erratics, 
poured southwards over Bute and the Cumbraes and overrode all but the 
highest peaks of Arran which persistently nourished independent glaciers. 

It flowed westwards over Ivifityre,^ transporting countless boulders of the 
Arran granite (these were nowhere carried by the ice to the Ayrshire coasl^*); 
crossed Knapdale from the east-north-cast, taking the Lpoch Fyne porphyry 
as erratics to Jura, Islay and Colonsay; and moved south-westwards over 

Cowal.*52 

Islay was glaciated from the south-eastand Colonsay and Oronsay from 
the east,*^ most of the erratics being white quartzites, pebbly grits and cream- 
coloured dolomite from Jura, and Garabal Hfll granite porphy^, and other 
rocks from the Loch Awe and Loch Fyne region.^^ Jura was invaded from 
the south-east:**^ 


Engliitid and 

Lake District, The Lake District ^ as Agassiz and Buckland first recog- 
nisedp^'^ was severely glaciated. Subsequent investigations,^ summarised 
by Mair,*^ revealed a local centre whose ice engraved radiating striae, notably 
on the Boirowdalc igneous rocks, and transported erratics valley^vards from 
the present watershed, i.^e. from Scawfcll, Dunmail Raise, High Street and 
Shap Fells. For example, the Bunermere granophyre, which bestrides the 
main iceshed, was transported as erraticson the north down the Vale of 
Lorton and Cocker Vale to the Cumberland plain, e.g. Cockermouth, White¬ 
haven and St. Bees, and down Lnnerdale, Wastdale and Crummock V\ater^ 
Borrowdale volcanic rocks were carried outwards on to the Skiddaw 
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Slates and the annular ring of Carboniferous Limestone. At an early stage, 
the ice dischaiged freely in all directions and, as the anomalous distribution of 
certain Cumbrian erratics suggests, may have attained the sea o^n the west.^^ 
Its boulder-clay, grey ivith Carboniferous and Lalce District material, is 
preserved in the Eterwent \'allcy and east of the Ellen .72 h failed, however, 
to reach the north end of the Vale of Eden where Shap granite and other 
erratics from southern Edensidc are absent—Shap granite occurs as far north 
as Dufton and Melmcrby; a boulder-clay in the River Caldew containing very 
badly weathered Lake District erratics probably represents the earliest 
accumulation 

Advancing Galloway and Irish Sea Ice, influenced by that in the Solway 
(as is seen in the increasingly westerly trend of the Galloway ice over Wigtown¬ 
shireand in the easterly flow over Mount Criffcll and theNith about Dumfries), 
blocked the way to the sea across the Carlisle plain. It thickened the local 
ice so that this glaciated the topmost land in the Ullswater area 74 and com¬ 
pelled erratics (e.g. Eycott Hill lav^ and Carrock Fell gabbro) from the 
northern Lake District to go round into the Maiyport area *75 Splitting the 
ice from Borrowdale, it sent a bigger stream to the Vale of Lorton and the 
Irish Sea and a smaller one up the Gretna valley into the Tces, 7 « It also 
turned the Ennerdalc and Eskdale glaciers southwards, uniting with the one 
about Bootle and with the other about Whitbeck, though each for a time 
presen-ed its identity and travelled coastwise with the Irish Sea Ice. This 
western ice finally invaded the Fleetw'ood and Blackpool coasts. 

Irish Sea drift, red in colour and embracing Galloway erratics (first 
identified as such by A. SedgivickTT), Criffell granite and Queensberrv 
Grit ("Samson” is a boulder 20 ftX9 ft X 8 ft at B’othePS), covers a coastsd 
strip of the Late District from the Solway Firth to Furness, its erratics rising 
to roughly 1 000 ft (f. 300 m) in many place3,7S it js separated from the lower 
drift by sands and gravels,®® as in the Solway area, at Maryport and in Fumess. 
The southern limit, however, is only approximately known because the 
contending ice-masses oscillated as intermingled erratics evince; it extended, 
however, as far east as the upper end of Bassenthwalte I,akc. 

Tj-ne Gap and Edenside. Congestion in the Irish Sea compelled the ice 
from Dumfriesshire (the outflow' from Nithdalc, Eskdale and Tcviotdale) to 
cross the Solway south-eastiivards. Together with the ice from the north-cast 
Lake District, it filled the Vale of Eden to overflowing. It abutted upon the 
north-u'cai comer of the Pennine Chain and streamed broadly over the divide 
into the Tyne,«l invading Northumberland and carrying w ith it erratics from 
the I.ake District (Borrowdale volcauics, Carrock' Fell gabbro, Threlkeld 
quartz-porphyry, Amiboth dyke quartz-porphvry and Skiddaw granite) 
Edenside (Penrith Sandstone) and Galloway (Criffell granite). Crossing the 
nortliern end of the Pennine Chain, it received their tributaries, e g the North 
Tyne Glacier, and deflected them into the common trend. On the north it 
was united with icc from the Southern Uplands of Scotland. On the sou^ 
Its limit, given by boulders of the Borrowdale volcanics and Eskdale granite 
and the Permian and Tnassic matrix of its drift, falls eastward from iStJO to 
1100 ft»^(e. 550-335 m). 

It has been held that a branch of the Solway ice coasted along the Pennine 
Kcarpment up Ac broad Vale of Eden, receiving important contributions 
from the Lake Distnet on the west; cross stnations in west Edenside and 
towards Its head signify oscillations in Ae strengths of Ae opposing streams 
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Progress on the south was barred by !cc from the Howgill Fellsj a Jocal centre 
which was joined with that of Shap Fells, Boagh Fell and Wild Boar Fellp^^ 
and sent a stream north-eastwards over Stainmore* But recent investiga¬ 
tions®^ have show'n that the Scottish ice had access to Edenside at an early 
stage only; it then pushed southwards up the vale as far as Brough on Stain- 
mo rCi carrying with it Scottish, Triassic and Carboniferous rocks. After a 
period of deglaciation, revealed by laminated, lacustrine clays in the Vale of 
£den above the till and the tooth of an os: (probably bison) in sands and 
gravels at Applebv^^ (correlated with the sands betiveen the Purple and 
Hessle boulder-clays of Yorkshire*^), the t ale ivas once more filled with ice. 
During this phase of the Main Glaciation, Cumbrian glaciers, discharging 
eastwards, occupied the vale to such a depth that the ice overflowed by the 
Lune Gap (1500 ft; c. 457 m) on the south and, with considerable velocity, 
tlie Stainmore Pass (>500 ft; c. 457 m) on the cast. It overrode hills of 
2200 ft (c+ 670 m) on the edge of the Howgill Fells and crossed others of this 
altitude at the northern end of the Penrune Chain into the South 1 yne valley, 
lifting boulders of St. Bees Sandstone 1000 ft (r. 300 m) above the parent out¬ 
crop. The Cumbrian ice cleaved along a line in the upper part of the Vale 
of Eden and moved northwards doivn Edenside and in a gigantic meander 
round the Lake District into the Irish Sea, accompanied on the north 
and eventually north“W^est by Scottish ice and taking w^ith it erratic trains of 
the Threikdd, Armboth and Carrock Fell rocks. The direct impact of the 
Cumbrian and Scottish ice caused a diamond-shaped flow over the ^bvay. 

East of Edenside, Lake District ice wa$ confluent w'^ith native glaciers from 
the Crossfell Range. Fed in local cirques, c-g- High Cup Nick, these ex¬ 
tended to a slight dbtance, at most 2 miles (c. 3-2 km), from the front of the 
hills and parted to north and south flanking the opposing ice. 

The Edenside ice* as just noticed, escaped by overflow^ing the Passof Stain- 
more—not the lower pass (which carries the main road and railw^ay) but the 
northern pass (w'lth Gallo way erratics and Shap granite) and the middle pass 
(w'ith Shap granite hut not Galloway erratics®®). Chains of dnimlins sweep 
in wide curves out of Edenside oii to the pass^ with boulders of Shap granite 
in tens of thousands, as wa$ first noticed by J, Hall in 1815 
land^ identified them at Darlington—and others, less numerous, of Galloipy 
grimitcSj^^ Borrow^dale volcanic rocks, Carrock Fell gabbro, St. Johns Vale 
porphyry, Penrith and St. Bees sandstones, Dufton granite. Whin Sill, 
Permian brockram and occasional EnnerdaJe granophy re. The brockram was 
lifted from B50 ft (c, 260 m) at the outcrop to iSoo ft (c. 550 m) on the pass in 
such numbers that they are eommon boulders on the V orkshire coast+ East 
of Stainmore the area of dispersal of the Shap granite erratics is broadened 
but the erratics are rare north of the Tecs between Bishop Auckland and the 
coast,^^ though a large one has been found in the Tyne valley north of Alston 
Moss which must have travelled by way of the 1 yne Gap. 

North Pennine Chain* Pennine valleys which are closed on the west 
were a nurser>' for native glaciers without " strange'^ erratics. The Alston 
Block in the north Pennines, forex^nple, nourished a system of glaciers, e.g* 
in South Tyne, Wear and Tees. The Wear Glacier was fended off parts of 
its bed by the Tyne Glacier on the north and the Teesdalc Glacier on Ac 
south* Swaledale Glacier received only small accessions from extraneous ice. 
Nidderdale Glacier sprang from the slopea of Great and Little Whernside, 

The north Pennines had several nunataks,^^ probably snow-clad, which are 
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wholly free from glacial deposits or glacially transported pebbles and arc 
marked by deep weathering of the rocks. Of a total area of over 50 sq. miles 
(f. 130 aq. km), mostly above zooo ft (e. 600 m), they included a few nunatab 
about upper Wharfetlale, near the head of Swatedale, and the much larger 
ones of Crossfell and Mickle Fell. 

Pennine valleys with open heads received influxes of ice from west of the 
range; thej' became dominant factors in the east, e.g. the Tyne Glacier in Co. 
Durham and the Tees Glacier in the Vale of York. 

'I'he Tccsdale Glacierw took rise in the semicircle of hills about the head 
of the dale and east of the Crossfell Range. It coalesced with Stainmore ice 
from Fdenside a short distance below Middleton-in-Teesdale w'here Borrow- 
dale volcanic boulders firet appear. In Lunedale and Balderdale, New Red 
Sandstone detrims from the Vale of Eden imparts a red colour to the drift, 
Stainmore ice with Shap granite boulders flowed over the ivhole of Lunedale 
ou the north and Gretna on the south and shouldered the ice from upper 
Teesdale over to the north side of the valley. Teesdale ice spread thin drift 
up to aoGO ft (c. 600 m) where a well-marked moraine bounds it occasionally. 
It moved eastt^-ards along the dale as is attested by a multitude of drumtins, by 
striae, e.g. on the Whin Sill, and by the carry' of local erratics, e.g. Whin Sill 
erratics at Northallerton and with crinoidal limestone at Darlington, 

The centre of tee-shedding south of Stainmore on Boar Fell and Wild Boar 
Fell and at the head of Swaledale, Wcnsleydale and Wharfedale^^ reinforced 
the Teesdale Glacier on the north and kept the Edenside ice out of the lower 
Pass of Stainmore. Its ice flowed on the west and south down Dentdale 
and Garsdale and invaded the lower parts of the Howgill Edb and the hills 
Md vall^'s of north-east Lancashirc^Dcntdalc ice split on the northern 
flanks of Inglcborough and aem some ice into Chapel-It-dale while most of it 
\vent into Ribblesdale. On the cast, it initiated glaciers which flowed doivn 
the bigger valleys producing drumlinoid tails which trail down from the ends 
of the spurs between the tributaries. Swaledale and Wcnsleydale glaciers 
united over their common watershed, only a few snow-dad nunataks pro¬ 
jecting 96 c.g, Ramsden Pike, Great and Little Whemside, Inglcborough and 
Penyghent. Even lower Swaledale, contrary to earlier opinion ,97 was glaciated 
at an early stage,!'a its older gravelly drift escaping removal by the later ice in 
shirltered holloand on the lee sides of tributaries.^ 

From the local centre on Cam Fell, which with'other local ice buried the 
TOuntjT up to about 2400 ft {730 m), the ice passed north-eastwards to 
^Vensleydale, south-casti^^rds to the Wharfe Glacier, and south-westwards 
to the Ribble. Ice moving south-westwards from Ingleborough and Whem¬ 
side was deflerted around and over Howland Fella into the valleys of the 
I loader and Ribbk. ^ 

Niddcrdde Glacier^ was self-contained: its moraines consist of the local 
Millstone Grit and loredale rocks. Wharfcdale Glacier flowed eastw^ds 

from iteh^d (striae o^ur on the Cow and Calf, I]klcy)and received accessions 

fmm Ribblesd^e m the west since there are drumlins on the parting between 
the dales ^d Silurian erratics m upper Wharfedale.l« It was confluent with 

\ to tfie south and entered the transverse 

of Guiseley and Yeadon. ™ 

The Aire Glacier a jwwerftil overflow of western ice, largely from the 
Ribble. It moved along the valley, atriating the recks, as near Binglev S2 
depositing its boulder-clay cast of projections and its erratics eg Carboni 
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feroiis grit, limestone and chert. Silurian rocks from Rlbblesdale, as nesr 
Skipion and at Bradford, and Lake District erratics, such as ^anite and 
Borrowdale volcanic rocks. The limit of its drift declines continuously at 
6o ft/mile (i :88) from 1400 ft (c. 427 m) on Boulsworth inil to 200 ft (r. 60 m) 
at Ncwlay near Leeds. 

The Pennine valleys yet farther south, with the single exception of the 
Coine^^®^ nourished no indigenous ice. Thus Calderdale wnth its tributarip 
was ice^free except near Todnrorden^^ and part of the south Pennine Chain 
tvas a nunatak (see p. 776). 

Northumberland nrid Eturham. The Cheviot Hills, crowTied possibly 
by a small local ice-capor by half-consolidated fim — the drift in the centre 
of the massif is purelv local — came under the influence of ice off the Southern 
Uplands, which diverged in front of the Cheviots and crept round the fianfe 
to meet again in the south-east4^^ The remarkable absence of Cheviot 
granite in tlie Yorkshire drifts, where the porphyrites are extremely abundant^ 
s-uggests that the higher ground underlain by granite was not overridden by 
the extraneous ice.*^^ 

The earlier ice of the eastern north Pennines, follow ing an interval long 
enough to allow of some weathering of the Scandinavian drift (see p- 749 )> 
flowed nearly coincidently with the local topography. It passed down the 
Wear and Tvnc to the coast, stnating the surface and depositing a blue clay 
about Teesmouth, in the lower Tjme valley and in Weardale^ It aftervs'ards 
came under the sway of the northern ice. Winding eastwards along its 
valley, the Tweed Glacier w^as turned south-eastwards across the northern 
end and along the eastern shoulders of the Cheviot Hills, It preceded 
coastwise as a buffer-stream between Pennine glaciers on its inland side and 
the Forth ice on its outer flank which carried Lan’imeimuir erratics souA- 
w^arda and St. Abbs porphyry to Tynemouth.^^ The Tw’eed ice, bearing 
Silurian grejwvacket <|uartz and chert and Cheviot porphyry, ^ caught up 
Lake District and Galloway erratics from the earlier Tjme ice ^d in¬ 
corporated them in the Durham drifts so that an east Scottish-Cheviot drift 
with a high percentage of Cheviot material succeeded the western drift a 
wtII- defined boundary fixes the line of contact of the northem^ Tweed- 
Cheriot ice with the \vcstem Lake District-Tync ice. The supposition has. 
however, been made^^^ that the uppers red and purple clay, with far-travelled 
erratics of Tweed and northern origin. i$ merely the englacial detritus of an 
icc-shect whose ground moraine is represented by the grey or bluish clay of 
local material and Avesterly derivation. 

The ice proceeded along the coastal belt of Northumberland and Durham 
in a direction which gradually approached the south; over the Fame Island^ 
it was east-'south-east, in northernmost Northumberland BOUth-ea$td and 
between Belford and Hamburgh nearly south,! n The ice passed off the land 
between the mouths of the Coquet and Tyne and after describing a great 
cune came iu again about Roker. striating the rocks at this place from the 
sea!!^ and dredging up worn flints and broken shells from the bed of (he 
North Sea,! 13 it carried boulders of WTun Sill in great profusion southwards 
from the outcrop and the erratics of Magnesian Limestone which, setting in 
south of Tynemouth,!!'* increase in Durham at the expense of those of 
Carboniferous Limestone and Lammermuir Grit, 

Vale of York. Tweed- Cheviot ice, flanked by Tyne ice on the west, 
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crossed Durham /nom the north—erratica and occasional striae give the 
dinectionJ^^ Jt barred access to the coast to the Tees Glacier which had 
earlfer laid dovru the lowest boulder-clay of Kortli Cleveland containing Sh^p 
granite and its fellow-travcllera. It corn pel led that glacier to cross the 
scarcely perceptible watershed betw'een Be dale and Northallerton into the 
Vale of York 11 ^ over which its reddish moral ne-profonde was spread. This 
overflow lowered the divide, planed down the Magnesian Limestone escarp¬ 
ment north of Wetherby,'and rose to more than 600 ft (iSo m) east of the 
Vale. Erratics from Durham and Northumberland have been traced as far 
as Upsall and Thirsk. Flints from the north-east were transported to 
Stockton-on-Tees, boulders from the Cleveland dyke to places to the south¬ 
east and south-west, a solidary shell of Pecten to Thirsk,‘^® and Lias Gryphaea 
to Darlington. Shap granite erratics were distributed widely over the Plain 
of York 1^0 as far west (with Whin Sill boulders) as a line running roughly 
through Bow'es, Dalton, Richmond, Brampton, Bedale, Snaps, Cattenvick 
and Kirby Malzeard'^'—the most southerly occurrences east of the Pennine 
Chain are at Balby near Doncaster'^2 and at Blidw'orthin Nottinghamshire’^^ 
—with Borrowdale volcanic rocks, Carrock Fell gabbro. Whin Sill, Criffell 
granite and Permian brockram, Ennerdale granophyre has occasionally been 
found erratic, e.g. at Dewsbury and Wakefield.’^ 

The Vale of York Glacier had apparently two stages, the first, correspond¬ 
ing to the Upper Purple Clay (see below), the second belonging to Hessle Clay 
time 125 rthen the ice was slightly less thick. W. S. Bisat’^* stated that the 
two horizons are an older, ^ey drift (Drab Series of Holderness) with Pen¬ 
nine and Shap granite erratics, and a later, reddisli-brown botilder-clay with 
Cheviot erratics (= Purple Clay of Holderness). 


Cleveland Hills. The Tw^eed-Cheviot ice impinged upon the northern 
face of the Cleveland Hills and mounted the northern moors; its force is 
shown by the bodily uplift through 150 ft (46 m) of a block 450 ft (137 m) by 
II ft (3 5 m) of the Main Seam of the Cleveland iron-ore ’27 and i 4 extent 
by the fringe of drift, especially thick in the several bays, that has diverted 
many of ^e streams 129 (see fig. 97, p. 496), 'Pu med westwards into the Vale of 
kork and eastwards along the Yorkshire coast, 12? it rose to 1000 ft (c. 300 m) 
scattering pebbles sporadically—the highest material is preponderantly Scot¬ 
tish, Teesdale rocks being exceedingly scarce—and constraining the marginal 
drainage’J*’ (see p. 1193). Abo\'e tliis limit, which fcQ to east and west from 
a fluctuating region of splitting, the Cleveland Hills were unglaciatedl^l' the 
summit moor is strewm with loose, weather-worn blocks of the local Moor 
Grit; the escarpments retain their sharp outline; "strangers^' are absent - and 
only a small percentage of its Meso2oic rocks are erratic in the coastal drifts 
of YorkshireJ^2 Local glaciers, though postulated, 1^3 were unable to exist 
in the relatively dry, easterly position; even farther west, about the Aire 
valley^ tKe snowline was as high as 1700 ft (f. j 1S 


Holderness and East Lincolnshire, The coastal plain of Holderness 
and Its continuation south of the Humber is almost uniformly at about 
100 ft (30 m); the Chdk Wolds and the prcglacial cliff which bounded the 
preglacial Bay of Holdern^ limit it on the west. More than 20 miles 
(c. 32 km) hr^d near the Humber it tapers northwards to Flamborough 
Head where the Wolds plunge into the sea, though in Lincolnshire the drit 
sweeps on to their top and round their southern end. This plain bisected 
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by the Humber^ was overridvn by tee which came in from the coast. Thb 
is demonstrated by plucking in the uppermost ChaJb on Flamborough Head^^^ 
(from north)t by contortions in the boulder-clays, by the carry" of errati^ 
including masses of Specton Clay on Flamborough Head and at Aid- 
borough, 13 ^ and by erratics forced into the Chalk along the edge of tlte 
Wold £*338 Occasional striae,* 3 ® as at Sandsend (N, 3 S” f^obin Hood s 
Bay (NO, Car Naze, Filey (N. 24" EO, Filey Brig (N. zo“ E 0 > South Feiriby 
(E.)and a striated pavement near Wiihemsca^^'^ also prove a movement along 
the Cleveland coast into Holdemess with a tendency to sweep in upon the 

The drifts and especially their pebbles exhibit a rich variety of “forei^" 
erraticsincluding distinctive Highland rocks^ e.g. schists from Pertl^hirep 
Lcny grits and Ben l^edi grits, rocks from the Southem UplandSj e.g. Haggis 
Rock, Queensberry Grits and radiolarian cherts, and the trach>l:e of Eildon 
tliils, and such Cumbrian types as Borrowdale andesites and ashes, Threlkeld 
and Arrnboth-quam porphy-ries, St. John*s porphyry^ and Shap granite found 
as far south as Darlington and ^uth Ferriby^"*^—Forchhammer referred 
some to Labrador. Thev show a threefold succession, recognised m 
iS6Sl^ and afterwards confirmed in both Holdemess and Lmcol^hire, 
the three clays being identified in the first place by the colour ^d their 
ground mass and subsequently by their erratic contents.!^ The lowest 
member is the lead-coloured Basement Clay, formed by redistnbuting and 
reconstructing Jurassic eky^ (Lias, Kimmeridge and Speeton), which arc 
virtual h'' absent from the higher drifts, and Chalk, both red and white- i he 
original bedding is locally still preserved though sheared with fractured 
fossils.i'*^ The lowest layers, the Sub-Basement Clay, have abundant shorc- 
roimded pebbles and small boulders of Scandinavian rocks, e-g. rhomb 
porphvrv, augitc syenite and elaeolitc syenite. Still lower tills, the under 
tills of G. Carnithcrs,‘^® are known from borings at Kilnsea and 

Kirmington. , 

The Basement Clay is exposed in few localities, e.g. Dimlin^on, Bridlmg- 
ton, Sclwicks. Filev Bay and near Burgh (Lincolnshire) and extends past 
Scarborough, WTdtby ^6 Saltbum north of the Cleveland Hills. It en- 
doses in places marine shells wrapped up m masses of s^d and day up to 
30 ft (9 in) thick and thoroughly kneaded together.The shelly mass^ 
Lt dkcovered at Bridlington by A. Scdgivnck m 1821 [" Bndlm^on Crag ) 
and later at Dimlington, Flamborough Head (South Sea Landing) ^d m 
Filey Bay, were because of their profusion for many years thought to belong 
to a Pliocene Norwich Crag ni U was aftenyards recognised that thj^ 

were local lenridcs or rafts that had been displaced ^ 5 hence the term bll- 
with-rafts " recently suggested for this lion eon. > The shells, which include 
foraminifera, mollusea, osttacoda and echinoid spines,arc Averse m origin 
and depth and are crushed (though sometimes quite uninjured and disjv^d 
in stre^ and nests. Intensely arctic, the majority living no lon^ south of 
the Shetland Isles,> 5 ^ the shells represent the scrapings of a boulder-strewn 
glacial sea-floor, since they are occasionally scratched and notched and the 
associated boulders have not infrequently been bored by or 

ClioFie 155 They mav, however, have been picked up from a still earlier tiU.^t 
Recent re3earchi57 his. shown that the upper part of this clay, the so-c^led 
‘■Upper Basement" or " Drab Series ”, a very persistent honam in the dnfte 
of Holdemess, is distinct. It contains much hard chalk and black flint and 
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abounds in rocks fnam Scottish^ Cumbrian and Carboniferous sources, 
together with Scandinavian erratics which alone characterise the underlying 
tnte Basement Clay. A bed containing moss {Hypnum sp.) ha$ been found 
above the Basement Clay.i^® 

The overlying Purple Clay, prevailing purpli$h-brown, is probably in part 
derived from New Red Sandstone marls flooring the North Its 

lower layers are extremely chalky though large transported masses of chalk 
and Jurassic beds are lacking. Shelly fragments are few and Scandinavian 
erratics relatively scarce; such as occur were probably obtained from 
the Basement drift.*'* Numberless boulders of Cm^boniferous rocks, WTtin 
Sill and Shap granite, Borrowdale lavas and other Lake District rocks prove 
that the day tvas deposited by the Early Scottish-Cumbrlan ice which poured 
over Stain more Pass,*** 

'fhe Purple Clay, which is separated from the Basement Clay by a denuded 
surface, with infilled ravines, and by the “Sewerby” and “Kelsey ffill” 
Gravels, overlaps this clay in all directions and extends beyond the scarp of 
the Wolds at Speeton (the Wold moraines at Burstwick and Kelsey are 
of this agcl*2j to fill the ancient valleys north of Fbmhorough and rest on 
the chalk at Hull—its most westerly occurrence is at North Ferriby.**^ 
Ntsts of gravel and sand in both coastal and inland sections in Holder* 
ness and at Clcethorpes in Lincolnshire divddc it into a Lower and an 
Upper Purple Boulder-day, each it is suggested**^ produced bv a separate 
glaciation. ' ^ 

The Hessle Clay, well developed at Hessle on the flumber, is usually 
fO-ao ft (f. 3-6 m) thick and div-isible into a lower and upper Hessle Clay by 
a gravel band and weathered aone,*^ the product of an oscillation. Less 
tenacious and more earthy than the older clays, it has neither shells nor sea- 
bottom material and few if any Scandinavian erratics though its erratics, 
relatively small and sparse, are of distant origin, Porphyrites and Silurian 
greywackes from the Cheviot Hills and Tweed valley, its main constituents, 
show that the Scottish-Cheviot ice was its parent. It fills hollows in the 
denuded surface of the Purple Clay and disappears on the north near Bridling¬ 
ton where it oversteps the earlier drifts on to the chalk of Flamborou|h 
Head It thins along the scarp of the Wolds—its limiting moraine is seen 
astride tltc Humber at North Ferriby and South Ferrlby***—and in Lincoln 
shire clings closely to their edge and runs Into the vdleys furrowing their 
extern slopes. It underlies the wa^s of Fenlandl*^ as far as Sticknw and 
Sibsey where it makes an irregular ridge. ^ 


/ Pickering north of them 

{where shelly drifts extend as far as \ edmandale), were not overridden though 
extraneous ice shghdy overtopped the escarpment at Speeton and surmounted 
Flamborough H^d Outlying patches of sand aitd gravel and sporadic 
pebbles of quartaitc (similar to those of the Sewerby beach and of the Cleve 
land inoora). Carboniferous limestone and Cheviot porphyritca above the 
limit of continuous dnft prove that the eastern slope was glaciated The 
ice-free ground, w'here low, as in the central valley of the Wolds **9 
subject to flo^ng from the ice. Elsewhere, frost acted upon the im^ervioS 
frozen gr^nd, drapng it with sheets of flint-gravel carried by thaw waSra 
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E^t Anglia. Of East Anglia it has been said that it were hard to tell 
whether its beds or its literature be the more confused^ Though J. Trimiticr 
and C. Lyell studied it and S. V. Wood and F. W, Harmer laid the founda* 
lions of our present knowledg^i^^^ it cannot yet be said that a completely 
satisfactory sequence has been established: good exposures are few and the 
drifts are often contorted. The succession of local horizons, not to be seen in 
any one section but perhaps most fully exposed near THmingham, is usually 
said to be (u) Cromer Till and Norwich Brickearth w'ith Contorted Drifts cob 
lectively called the North Sea Driftp (£■) Great Chalky Boulder-clay^ (c) Upper 
Chalky Boulder-clay and ((f) Brown or ffunstanton Boulder-day. 

The Contorted Drift,!'^- exposed in the Cromer cliffs ("mud cliffs'^ of 
older maps), is quite local p being confined to the Cromer Ridge and extend¬ 
ing from Ilappisburgh to Trimingham—-the "Great Eastern Glacier*^ (see 
below) may have destroyed it farther south. It begins in an attenuated form 
in north Norfolk, appears at the base of the Pakefield and Corton cliffsn and 
thickens rapidly northw'ards, coming out in the cliff at Eedes whence it 
extends coittinuously as the uppermost bed to Weybourne; towards Cromer it 
rises to 200—300 ft (r^ 60—qo m). This drift is a medley of chalk and marl (the 
former increases westwards until at Weybourne the drift is practically pure 
chalk marl) with black flint and soft chalk of local originp brickearth^ sand, 
gravel and Pliocene Cragp all intermingled and contorted. It is penetrated 
by pinnacles of chalk interpreted as sea-stacksbut more probably, as C. 
Reid stated, relics of ice-erosion. ei. ■ 

The contortions, extraordinarily violent at Mundeslcy^ Cromer and Shenng- 
ham, as described by Lyell ,hut less so in the east, e.g. at Happisburgh, are 
associated on the ice ward side with thrust planea* and sweep round and con¬ 
form with the outlines of the large mpses of enclosed chalk. All stages in 
boulder formation are traceable from incipient ridgmgs of the chalk surfaces 
to highly inclined folds which heightened pressure sheared off and drove into 
the till. G, Slatcr,l 76 modifying Reid's subglacial theory, CGrrelates these 
features with englacial hands which were deposited when the slowly moving 
ice was halted. The contoittons, attributed to the deluge or earthquake 
waves,,^"^^ to stranded floe-ice melting (Vj to boulders dropped from 

drift-icc,l^ to grounding bergsor coast and flM-iceJ®^ or to decalcifi¬ 
cations and slips,were doubtless made by overriding land-ice^ ; the chalk 
in the disturbances is ahvays local and the contorrions were produced by 
great force and resemble those seen in modern glaciers (see p« 112)* The 
ice advanced from the North Sea in a direction which though variab c w^ 
from somewhere in the north; it gave the east^w^est strike of the folds, the 
Dccasional shelly fragments (C^rdium edule, Cyprhin iiuina$ca}t and the 
Scandina>daii erratics^^®* including rhomb porphyry, laurvikite, nordmarbte, 
cancrinite syenite (Sarna), elaeolite sycniten quartz porphyry (Dalecana -}i 
Swedish granite, hornblende porphyrite (Oslo region) and sparagmite, and 
British erratics, e.g. Whin Sill and other dolerites, Cheviot andesites and 

monchiquite from East Lothian.*®^ . rx 1 ’ i_ - 

A distinction is often made betw een Contorted Drift, w luch is transgre^ve 
and occasionally reaches the Chalk, and the underlying Cromer 1 ill. The 
latter which oeLniis also in inland localities,!®® ^s about March and at Ipsw ich, 
is at Cromer, the type locality, a stiff, dark-grey, chalky boulder-clay ^ntain- 
ing soft chalk of the East .Anglian kind and suggesting incorporation of Forest 
Bed clays. From Happisburgh to Mundeslcy. it is separated into a lower and 
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an upper till by Alundesley Sandb- Nevertheless, the distinction is difficult 
to sustain: it is one of condition rather than of age. In part, the Contorted 
Drift may belong to the North Sea Drift, in part to the Great Chalky Boulder- 
ctay. West of Cromett marly Contorted Drift passes laterally into Great 
Ch^ky Boulder-clay.Some of the contortions may even belong to the 
Newer Drift (set p. 772). 

J. D. Solomoti^^ maintained that the Cromer Till belonged to a glaciation, 
preceding the Contorted Drift since a period of erosion intervened before the 
Contorted Drift and the heavy minerals are distinctive. Baden-PowelH^^ 
suggests that the ice-movements converged about this area between Cromer 
and Lowestoft and Tpsivicb and so partly produced the Cromer contortions. 

'ihc Norwich Brickearth, well seen around that city and generally in south¬ 
east Norfolk, extends over 350 sq. miles (r. 900 sq> km) but not in Essex or 
Suffolk (except in the extreme north near Deedes and Lowestoft). Possessed 
of constant petrological characters, it forms a brickearth or sandy loam, 
w’ith s distinctive yellowish-brown, buff or greyish colour and a gritty matrix 
containing 40-60% of coarse sand of Pliocene source. It shows a tendency 
to vertical jointing and a streakiness inherited from thrust planes tn the ice. 
This brickearth may belong to the same phase of glaciation as the Cromer 
Tilll*'^ since its position on the Leda myalit Bed-Wcstleton Sands-Mid 
Glacial sand complex is identical and the characteristic Scandinavian minerals 
in the underlying deposit increase as the junction is approached. Neverthe¬ 
less, it forms part of 1 laimer’s North Sea Drift, for this is implied by Its 
sporadic Scandinavian erratics (e.g. rhomb porphyry), and by itslack of Jurassic 
and Neocomian rocks and of the hard Lincolnshire chalk—any chalk it may 
have had has been dissolved out. It suggests sweepings from the bottom of 
the North Sea, including unconsolidated sands and cbys of the Eocene and 
Pliocene.•*** Like the Contorted Drift, it may be the product of icebeigs’^^ 
orofanicc-sheetmeltingoutinwater.’^? Itis possibly the equivalent of the 
Drab Series of rioldcmes8>’8 and the Oxford Plateau Drift (see p. 629). 
Some of the brickearths, as in the Sudbury area, are confined to valley's and 
represent the outwash of the oncoming C halk y Qoulder-clay ice.i^ The 
drifts above the Cromer Porest Bed may be later than the Norwich Brick¬ 
earth and possibly a local equivalent of the Chalky-Jurassic Boulder-day^^ 
since the Cromer Till is nei^er decalcified nor weathered and contains rocks 
mainly of British types. 

In east Norfolk and Suffolk, the sands associated with the North Sea Drift 
and in places underlying or interdigitating with the Nonvich Brickearth are 
represented by Westleton Beds which rest on an eroded surface of the Pliocene 
Crags and spread as a broad belt from near Mundesley to Dunwich and 
Westleton. Representing the shingle or sand deposited on the shore of an 
encroaching sea that lay in front of the first advancing ice-shcct, their pebbles 
include water-worn and rounded flinte and erratics derived, perhaps bv 
floating ice, from the Ardennes. These Westleton Beds, as J.’PTOtwich®! 
named them, contain no trace of life (unless the Lfda myalis Bed nr Rum 

Valley Bed arc their equivalent ^ 

ITie Great Chalky Boulder-clay (recently often referred to as Lower Chalkv 
Boulder-clay), which looms more largely in British geological literature than 
any other accumulation, overlies the members of the North Sea Drift 
wherever they occur but farther west rests on solid rock. In a cliff section 
at Corton near Lowestoft it reposes on interglacial gravels (Corton Sands) 
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overlying Norwich Bnckcarth (see p- 771). Its fan, radiating from the 
(fig. 141), underlies more thAn 3000 sq. milea (c. 7S00 sq. km)+ 
Setting in south of Caistor and Market R^n in Lincolnshiret it floors the 
strip between the Cliff and the Wolds as far east as Homcastle: occasional 
patches prove that it formerly continued over the Lincolnshire Wolds and 
the Jurassic ridge in Lincolnshire and Rutland. It rises as islands out of the 
Fens and along their margin betw'ecn Crowland and Wisbech. North of the 
Thames it spreads to an irregular line across east Essex and from Chelmsford 



Fia 141 —Fan of the Grent Chalky Bouldcr-cliy (in bladt) amJ boulder-d«>'i9 l;y:th«r north 
Wotted msi). S. V. Wood, J- S*p rn^P ^PP 45* fl»rt of), 

westwards 205—later river denudation has broken it up into irregularly shaped 
areas—and passes with its attendant outwash into the nor^em tributaries.206 
e.g. Colne» Black water. Lea and Rodney^ and to a line running from Colchestcrp 
Maldon, Brentfordp Hornchurch, Epping, Finchley and Hendqn to Wembley 
Park 20^ (North London). The outwash gravels of the Aldenham Lobe are 
traceable down the Colne valley and probably merged with the Winter Hill 
Terrace (see p. 997) at Gerrards Cross and Tver; those of the Finchley Lobe 
extend do^\'J\ the Brent^ 

The edge then skirted the eastern end of the Dunstable Downs and locdly 
and east of Hitchin overtopped the scarp of the Chiltem Iliils and penetrated 
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c?erEain of their valleys, e.g, Stevenage Gap. Spreading behind these hills 
westwards to St. Albans^ it passed by Luton, Dunstable and the Va]e of 
Aylesbury into the drainage basins of the w estward flowing riverSp e.g, Avon 
and Severn, by Covemry, Nuneaton, Abbotts Bromley, Sudbury^ Burton, 
Chellaston, Stanton and Noctinghain. As the Eastern drift of the Midlands^ 
where it is somew^hat later than the Western Drift (see below), it extended 
w'csttvards to a line vvhich follows the high ground east of the Warwickshire 
coalfield and swings thence by Tamw'orth to Altewas in the Trent valley^*^ 
where the later Irish Sea Drift overlaps it. A tongue probably descended to 
the vicinity of Tewkesbury'(fig, 142) in the Avon and supplied material to 



^ SUCOCMIV^ Sllufiacions in the Midlands, f Little 
Webh Blnciernr ^ M 2 , Mam Irtsh Seagjadcr ; 3. Stmford Blagc of and 

4, ftupposfd maximum oF threat Eafttcm rnaxEmum of Fim W^lsh dsciicr- 

&, southern lomiw of a very early Ejutem yiaoier. L. WjIU, jSis, p. ytTfifi 3 ' 

No, 5 terrace of this valley (see p. 1005). In this western region, the drift 
has Triassic material as its common constituent. 

If the drainage from the ice escaped freely, as north of London, in Essex and 
south-east Suffolk and in parte of Gloucestershire, sands and gravels and well- 
laminatcd brictearths were spread out as outwash^i'; the glacier-streams 
shifted the course of the Thames suuthwds from far north of the centre of 
the basin^iz (see p. 997). Below the stretch from Reading to the mouth of 
the Colne where the nver maintained its course, the river was shifted from 
its original line through the Vale of St. Albans to a course through eaus near 
Watford, past Harrow and Finchley, the two lines converging at w£ to pass 
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through Essex into the Blackwater* Elsewhere, the melt-wuters were pent 
up in cxtraglacial lakes, e,g. in south-east Wansickshirc att. 400 ft (e, 120 m)^ 
the Vale of Belvoir, Soar basin, about Ware, Hertford and Harpcndenj in the 
Tame basiiij and along the Chalk escarpment near Tring Gap (see p, 1189), 

The Great Chalky Boulder'-clay^, unlike the Cromer Drifts has relatively 
little igneous and distant detritus and few sheila. Instead it has much hard 
chalk and Mesozoic material and “fossils from nearly every Secondary for¬ 
mation in England including C&rdmh from the Lias, Gryphaea from the 
Lias and Oj^Ford clays, and bclemnites and ammonites from the Lias. 
Oxfordian and Kimrneridgian. Its rich assortment of English erratics, 
exemplified by analyses from Cambfidge,^^^ contains (besides local rocks like 
Hertfordshire Puddingstone, common m north’^ast Essex) Lcteestershire gra- 
nophyre (at Stockton, Moreton-in-the-Marsh—with Bunterpebblesi Lincoln¬ 
shire flints and Carboniferous Sandstone—^and at Stratford-OQ-x\von),-^‘^ Hun¬ 
stanton Red Rock (at Finchley+ Aluswell Hill and Ely and—with Lincolnshire 
Carstone—at Cambridge), Lincolnshire rocks, e.g. Chalk flints (at Rugby), 
Red chalk (Rugby ^ Cots wold Hills, Middlesex), Spilsby Sandstone (North¬ 
ampton, Hertford, Lowestoft, Thorpe, Downham^ Stowe, Ely, Letchworth, 
i.e. south-eastwarcb over Norfolk and north-west Essex) and Carboniferous 
boulders (Finchley). The minor Scandinavian element in Cambridgeshire 
and Hertfordahire represents remnants of the ploughed up Scandinavian drift, 
of which no other trace is left in these areas (cf p. 749). 

The great variety of the more distant constituents is also well exemplified at 
Cambridge which has yielded the follow^ing^^^: Buchan Ness porphyry+ 
Peterhead granite, Angus porphyry. North Berwick orthophyrc&i teschenites 
from Forth valley (?), Iimburgite from Haddingtonshire and Dufton granite 
from the %"aJe of Eden. 

The boulder-clay resembles the underlying rock in composition and colour: 
on the Triassic Marls, e.g. south of Nottingham, it is red and encloses Hunter 
pebbles; east of the Trent, it is largely derived from the Lias; at Melton 
Mowbray, it is composed of local Oolitic limestone; in the valley of the Ouse 
it is often indistinguishable from Oxford Clay and has numerous Gryphaea 
dilataia and Belemnttf^ oitfewt; on the Kimmeridge Clay it attains its darkest 
colour; near Bourne it resembles the Gault; and on the London Clay it is 
blaekbh or brown and sometimes has only been rcconstrurted.^^^ 

Harmer^^^ recognised this change in the nature and et ratics of the boulder- 
clay as It crosses East Anglia and its relation to the outcrops of Mesozoic rocks 
over which the ice passed^ He distinguished three belts; (i) CJialky- 
Neocomian Boulder-dagrey in colour and w^ell developed in mid-Norfolk 
and west and south-west Suffolk, with Lincolnshire erratics, e,g. Chalk (hard 
and grey), tabular flint, Red chalk, Spilsby Sandstone and phosphatic 
Neocomian Sandstone with Terebratulu rex, etc.; (2) Chalky-Kimmeridgi an 
Boulder-day, dark blue and tough, with large septarian nodules, fossils and 
boulders of Kimmeridge day in west Norfolk and sharply delineated in 
Lincolnshire and East Anglia; and (3) Chalky-Oxfordian Bouldcr-clay, stiff 
and dark coloured, with a matrix of Oxford Clay and Oolitic debris. This 
clajp which may be grouped with the previous one as the Chalky-Jurassic 
Boulder-cby^^ but is sharply marked off from it, follows the Oxford Clay 
strike, extends up the Ouse^ ^.nd is well devdoped south of a line from Bury 
St. Edmunds to Ipswich- The junction between the Chalky-Neocomian and 
the Chalky-Juraasic Boulder-clays is well seen in the cliffs at Scratby, 5 miles 

49—Q.E. u 
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(8 km) north of Yarmovith, The soils and livc-Stock industry are related to 
the variations in these glacial deposits.^^ 

Although many writers derive the Great Chalky Boulder-clay from the North 
Sea and its chalk from the Wash^^J (which thus originated), others refer its 
chalk to the Lincolnshire Wolds near which it is practically reconstructed 
chalk. They relate the Great Chalky Boulder-day to an imposing glacier, 
Harmer's “Great Eastern Glacier "; this carried with it a cliaraeteristic garnet- 
epidote-amphibole assemblage and moved from northern England very 
slowly (because of its excessive debris and low gradient) and in contact with 
the North Sea Ice which inBuenced its course. In contrast to the earlier 
North Sea Toe which did not come in verj' far, it occupied all the country 
from Teesdale to Fenland and between the Pennine Chain and the Lincoln¬ 
shire Wolds, erossing tlie Latter over their whole length 2^5 or in places only.226 
It fanned out over the Fens, i.e. across the mouth of the Wash and to the 
east over Suffolk, south-east into Essex, south to Finchley and St, ,\lbans, 
and to the south-west over the broad plains of the Ncne, Welland and Ouse. 
It was guided by the Chalk escarpment to Mitchin and Bedford, as the 
similarity of the erratics shows,227 poured through the Swaffham-Newmarket 
Gap,22a flowed possibly to the site of the bouIder-cIay of the Cots wolds (with 
Millstone Grit, Carboniferous Limestone, Chamwood syenite, flints, chalk, 
red chalk and Bunter pebbles) at Moreton-in-the-Marsh,22# an extreme limit 
of this ice, and moved westwards up the Trent towards Chellaston, 
Consonant with these contiguous ice-streams flowing along the several 
belts of drift are the course of the belts and their lines of demarcation; the 
striae oecasionally noticed 250. the isolated patches of drift, somewhat difficult 
to correlate, on the plains of Yorkshire and Derbyshire251—one occurs at 
Staincross near Barnsley {where it consists of a lower boulder-clay, mostly of 
local Carboniferous roeb with a few far-traveiled stones, overlain by sands 
and warps and in turn by a higher boulder-clay witli Shap granite, Armboth 
felsite, Threlkcld quartz porphyry and Lake District andesites and rhyolites), 
and the largest patch, one mile (c. 1600 km) long, at Balby near Doncaster’ 
contains Lake District andesites, Thrclkeld quartz porphyry and Eskdale and 
Shap granites 252; the Lake District material around Nottingham253; the 
occasional erratic Shap granite in East Anglia 234 e.g. Catton in Norfolk; the 
ubiquitous erratics of Carboniferous Limestone from the Pennine Cliain23S; 
the erratic trains 256 which spread to the south or south-east from die igneous 
outcrops of Markfield (Leicester, Market Bosworth, Aylestonc), Mount 
Sorrel ('Phursby, Leicester, Oadley, Ridgeway, Stockton, Ayiestone, Coventrv- 
Ragdale, Ingareby), Groby (Market Bosworth, Ayiestone), Breedon Hill 
(Leicester) and Nuneaton diorite; the Spilsby Sandstone train in west 
Norfolk from the Wash to Thetford, into central Suffolk and west of Barlow 
in Cambridgeshire 257; the Hertfordshire Puddingstone found south-east of 
its outcrop: the pbosphatic nodules uplifted from the base of the Chalk 
escarpment between Neivmarkct and Hitchin25B; the huge boulders of Marl- 
stone which trail for 12 miles (r. ao km) from the escarpment west of Gran¬ 
tham 23* (see p. 364)! the limon ite gathered from the Lincolnshire Carstone24(i* 
the predominantly grey (Lincolnshire) flints; and (according to Harmer) the’ 
southern boundary of the Cromer Drift which runs from Dorkine via 
Fakenham to Nom’ich24i (south of which the Great Eastern Glacier oloushed 
out the earlier drift). * 

Hanner’s work, the basis of all later researches, suffered from two defects. 
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viz, the postulate of cross-currents and the failure to recognise that j^ere were 
two chalky boulder-clays, a later one in the belt of country from Kings Lynn 
to Ipswich (see below). 

The ice of the Great Chalky Boulder-clay left on its retreat trails and fans 
of sand and gravel, including the older " Cannon Shot** giavels.^^^ These 
ferruginous gravels, which consist chiefly of rolled and much-battered 
flints, poorly graded, with chunks of Chalky Boulder-clay in places, cap hills 
and plateaux in Norfolk and Suffolk and fill the vdicys; they probably repre¬ 
sent the outtvash of the Chalky Boulder-clay ice.^'*^ ^ This ice also left 
occasional lake-like areas, often several s<]uare miles iii e;^nt, in which 
laminated clays and loams accumulated, as at Hoxne, Hitchin and Ipswich 
(Foxhall Road), Decakification of the tills has given rise to much of the 
sands of Breckland244 (see p. 1437). ^ 

Under the Great Chalky Bouldcr-clay in Hertfordshire, Bedfordshire, 
Buckinghamshire and Leicestershire and occurring in broad sheets and fiat 
sandy heaths associated with well-wooded estates over much of Essex, east 
Norfolk and Suffolk are the '*Middle glacial sands and gravels” of S. V. 
Wood,24S the “ Corton Sands” of Baden-Fowell and Reid MoLr.24S These 
while, grey or buff-coloured sands which change rapidly in thickness andare up 
to 70 ft (21 m) thick in mid-Norfolk and more than 50 ft (15 m) in east Suffolk, 
are current-bedded and occasionally ripple-marked and show strong selective 
deposition. Their grains are clean, sharp and angular and often indurated 
by infiltration into irregularly shaped masses. 'I'he associated loa^ are 
homogeneous and ^nely laminated, and the gravels, of varying grade, ime 
mainly of flint (black, fresh or iron-stained, battered or broken), with 
quartzites and far-travelled erratics, such as sandstones, hard chalk, Jur^ic 
limestone and fossils. The fauna, as near Yarmouth, is marine and ini- 
genoua (see p. 90a) and includes about loo species of moDus« and ostracoi^: 
fticy include Tellma baitka, Strobiculafia piperata, Mya iruncaia, Cyprma 
if/ffrtArn, Cardium eduk, AitarU boTfatis, Natica aldert, Ltttonmi liioja, 
Turritella terebra. Purpura lapiUuit Bacdnum undatum, Sialarut gromlandica 
and Be/o turrkuta. Bos cf, primgenius has also been found.S47 in north-e^t 
Norfolk, the gravels may be largely \\*cstleton Beds (see p. 766) in which the 
Norwich Brickearth occurs as lenses. 24S cj 

A study of the fauna and of the mode of deposition of the Corton Sands 
near Cromer suggests a succession of beaches piled up to at least So ft (24 m) 
above sea-kvel, though the movements which created the famous contortions 
at this place make it difficult to judge the original amount of submergence,-4^ 
The later glacial phases in East Anglia are not yet reliably established. 
Many investigatora^JD have suggested that there were two chall^^ boulder- 
clays and recent opinion seems to support the sugg^tion The Upper 
Chilkv Bouldcr-clay of Boswell (= Upper Chalky Drift of J. D. Solomon 
and Gipping Boulder clay of D, F. \V Baden-Powdl), which is centred about 
the Wash, is stratigraphically and litholo^cally d.stinrt from the Chalky- 
Jurassk Boulder-clay and is seen sporadically m Norfolk and Suffolk (as far 
ajuth roughly as the Essex boundary), for example, m Breckland and at 
Hoxne, Ipswich, Mildenhall (High Lodge) and Stowm^bet. It consists 
mostiv of a pale, sandy and chalky matrix enclosing pebbles of chalk, flint 
finduing the “basket work*' type). Red Chalk, Bunter sandstones and 
quartzites Old Red Sandstone porphynies, with an occasional erratic denved 
from earlier drifts^si—the Cannon Shot gravels around Kings Lynn and 
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north of March have b«n regarded as its outwash. ^52 This drift has usually 
been interpreted as a later and separate deposit,^^ or as a weathered layer of 
the Chalky-) urassic Boulder-clay. Solomon thought it represented the 
englacial material of this ice. The independent existence of this gladation 
has still to be established, for while the mature soil profile at Ipswich 
(Bolton’s Pit) seems to confirm its existence, this "lateglacial drift", as about 
Cambridge and Saffron Walden, may be merely a product of nivation or 
solifluxion.^ “Advanced” CUctonian occurs in the brickcarth at High 
Lodge w'hich lies between two boulder-clays (Great Chalky Boulder-clay and 
Upper Chalky Drift?). 

Baden-Powell^^ stated that while the Great Chalky Boulder-clay glacia¬ 
tion crossed East Anglia from the north-west, the Upper Chalky glaciation 
was from Lincolnshire and the north and was bounded on the cast by the 
Cromer Ridge and a front which ran from Quidenham by Hoxne to Ipswich, 
east of which He its outwash, the Cannon Shot gravels. According to him 
the Igneous rocks in the Chalky Boulder-clays were brought by this and not 
by the Great Chalky Bouider-clay ice. 

The gravelly Cromer Ridge, a glacial protuberance of typical kame and 
kettle topography and morainic structure, has an average wndth of +-5 miles 
{c. 6*5-8 km); it runs for 20 miles (32 km) W.S.W-E.N.E. from Holt to 


Trimingbam 3-5 miles {c. 5-S km) south of the coast and rises to 300 ft 
(f. 50 m). It is composed eWefly of violently contorted gravels and some 
bouldcr-cIay, the core being Contorted Drift overlain by sands and gravels 
characterised by much pale grey angular flint, similar to that of Lincolnshire. 
It may be a terminal moraine of the North Sea Ice 259 (“ Little Eastern 
Glacier"), and since it limits the contortions in the North Sea Drift^w was 
probably made by a rcadvance, that of the Upper Chalky Drift^Sl or the 
Newer Drift2*Z—the unoontorted gravels spreading southwards from the 
ridge form its outwash deposit. The mounds and ridges, e.g. the eskers of 
Blakeney, Morston and other places, and tlic later Cannon Shot Gravels are 
outposts26S; these gravels interdigitate with the Upper Chalky Drift and con¬ 
tain unrolled implements Clactonlan and .4cheulian and a mineral 

assemblage referable to Neocomian and Jurassic sources, 2ss 
The Hunstanton or Brow'n BouJder-clay,26< which has practically no chalk, 
is later than the March-Nar fSea^^? and at Morston overlies an ancient shingle 
beach 10-25 ft (3-8 km) A.S.L, separating it from the Upper Chalky Drift. 
The dominant erratics are doleritcs, dark blue greywacke grits and Cheviot 
porphyrites, with characteristic heavy minerals including pyroxenes in the 
earlier members of the succession. This clay is later than the Cromer Ridge 
and belongs to the Hesde Boulder-clay of Lincolnshire and Yorkshire, this 
correlation ^ing established by the extremely similar petrological content 
and by the identical relation to the underlying marine gravel (Kelsev Hill 
Gravel, Hunstanton Gravel). At this stage, the ice just touched the north 
coast of East Anglia between Hunstanton and Morston—the clay also occurs 
at Happisburgh, While this Ice may haveshapedtheCromerRidgeZ^Bagitj 
terminal moraine (though the materials may belong to the period of the Uoner 
Chalky Drift) it is more probable, since the erratics and heavy minerals of the 
Cromer Ridge differ from those of the Hunstanton Bouldcr-clav that the 
Ridge is not the terminal moraine of the latter2« belones 

to the Upper Chalky Drift (sec above). This conclusion is confirmed hv 
the raised beach or manne phase which separates the two deposits ^ 
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In East Anglia there appear to be four glaciations: the North Sea Drift 
glaciaxiofi; the Great Chalky Bouldcr-clay glaciation of Boswell (= Lowes¬ 
toft Boulder-clay of Baden-Powell, Great Eastern glaciation of Solomon); 
the Upper Chalky Drift glaciation (= Little Eastern glaciation of 
Solomon); and the Hunstanton Boulder-clay glaciation. ^ Uncertainty, 
ever^ still exists about the reality all three later glaeiationSj namely^ the 
Upper Chalky Drift, the Cromer Ridge and the Hunstanton Boulder-elay. 
Actual siiperposition of the three boulder-clays in one section has yet to be 
discovered. It seems likclv that there are at most only two, namely the 
Upper Chalky Bouldcr-clay with the Cromer Ridge, and the Hunstanton 
Bro\TO Boulder-clay. 

Local Welsh Glaciation- Wales was enveloped in local ice. In the 
north, the mountains of Snowdonia. Areuig, Ben^yn, Harlech Dome mq 
C ader Idris range, many of which have very fine cwms, served as a powertui 
ice-mdiant. 27 a A southerly or south-easterly flow' from Cader Idns and the 
Aran Mountains is testified to by numerous erratics of Ordovician volcanic 
rocks %vhich are dispersed to beyond the Dyfi valley on to tlie hills^uth of 
Barth On the east, striae point to the Shropshire plain dov n all the majoT 
valleys, e.g. Tanat, Ceiriog, Llangollen and Vyrti^ey. Summits over 2000 ft 
(600 m) were ovcnvhelmed and local (Welsh) slates, grits and Carboniferous 
Limestone moved as erratics across the strike to near Oswcstiy'. Arenig 
in particular were dispersed over a quadrant on the east and north¬ 
east ; the northern boundary runs approximately by Chirk, Cefn, Ruabon, 
Wrexham, Mold and the eastern declivities of Halkin Mountain to Holj^e 1 
and the Vale of Clwyd; on the east, they occur at Binningham, Franklcy Hili, 
Bromsgrove, the Clcnt-^-^ (to 900 Ft: 274 m), \\TekIn and Lickey 1 
Wolverhampton, Walsall and Rugeley. This High Level l^cstern Drift 
caps much of the ground above 400 !!((*. 120 m) in central England, 

A local Welsh drift, dark blue or grey in colour, is found m the \ ale ot 
Clwj'd. This Arenig Drift of T. M. Hughes is ^ociated with a 
cognate series of striae radiating from Arenig Mawr as far 
estuary'- — this ice failed apparently to reach the lower Dee and the \ irra 
Peninsula—and with Arenig boulders which were tninsported to the summit 
of Mod Flammau cast of the Vale of Clwyd, though many were trapped and 
came to rest on the slopes below. WTierc the ice passed over the Kcele Beds 


the drift is red, . . , . .1, 

The Merionethshire vaUeys were filled with glaeiers radiatmg from the 
Arenig and adjacent mountains of Modwyn and Manod, All the valley from 
Barmouth northwards were occupied by ice pouring westwards or wuth-west- 
wards into the head of Cardigan Bay.^^^ Here it coalesced with ice which 
had moved outwards from Plynlimon and other moun^ns. ^uth of 
Machynlleth,the north Wales icc ascended the slopes leading from the 
Dyfi estuary and spread for several miles inland nearly as far south as 

'^Tli^^'^test ice-parting in South Wales was on the Brecon Beacons, 
Cannarthen Fans and the moors at the head of the laff an 

valleys.-^ from the former flowed down the brwddip_^slopw of the 01 d 

Red Sandstone, suimounting the minor scarps of the Carboniferous Lime¬ 
stone and MiUstone Grit but failing to overtop the unbroken escarpment of 
the Pennant Grit or Moel Mosyn which diverted it wuth-vvesrtvards along the 
Neath and Taviy and south-eastwards along the Cynon and Taff; the two 
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lobes re-united several miles beyond the obstacle. The Coal Measure up¬ 
lands between the valleys Avere tlie source of local glaciers which moved 
southwards on parallel but generally separate courses. 

In Carmarthenshire, the ice proceeded from the north-east, disregarding the 
physical features, as far as Pendine, It swept westwards along the Towy', 
GAvendraeth-fach and GAvendrauth-fawr valleys though manifesting a pro¬ 
nounced tendency' to escape southAA'ards Avherc the relief permitted, as striae 
and the oblique transport of erratics testify-. The Welsh ice reached the 
shores of the Bristol Ctumnel, e.g. at Swansea Bay and about Cardiff and NeAV- 
port, distriburing erratics from the Brecon Beacons over iMonmouthshirc and 
Glamorganshire: the statement that ice passed down or along tlie estuary 277 
has no supporting evidence. 


From central Wales, ice discharged eastwards into the Upper Severn and 
its tributaries and southwards into the Wye, overfloAving Clun Forest and 
reaching at least 1700 ft {520, m) in Radnor Forest, lee from south-east 
Wales, in particular from the northern slopes of the Black Mountains and the 
headw aters of the ToAvy, Usk and Wye, streamed outAvards to the marches. 27 a 
All the valleys, except possibly the lower reaches of the Severn and Wye, were 
filled w ith ice; scattered remnants of this Welsh drift, utimixcd v. \xh Irish Sea 
debns (as Murchison 27 ® observed), remain in isolated positions, notably at 
high e[evations.2M The Wye Glacier, emerging north-west of the Black 
Mountains, and augmented by transfluents from the high ground to the west, 
spread out m a great lobe over the Herefordshire lowland (see fig. 244). 

fee from Wales and the Midlands proceeded at some time to the Stour- 
Ewenbde w'atershed Campden Tunnel Drift^fil and terminal moraine of 
^ through Goring Gap and melt-waters into 

the Thames b^in. Similar waters afterwards overdeepened the gor^e and 
excavated a suits of parallel, marginal channels.^w This “ Western ke” algo 
laid down an old drift which caps the hills in Essex and conuins far-travelled 
material from the wsst and north-west. e.g. large, unworn flints, Bunter and 
other quartaites and ivhite quartz pebbles. 2 S 3 At an earlv staee it carried 
Welsh boulders to the Chiltem HiUs^M to the MoretoS^he-Sh 
district, and probably extended oyer the vales of Severn and Avon to the Cots- 
wold escarpment. Its materials are found derived in the travels of the 
-IWThames'- from Marlow into Hertfordshire and Essex The We sh 
drifts in genemi m^ the eastern drifts which came from the north along a 
north^uth line through Derby, Tamworth. Coventry and Stratford-on^ 
AAon.2So tactions at Finehley in the Stort valley-, in various places in Essex 
and at Hertford and Ware show tAvo boulder-clays,287 ^ bweT one from the 
west and a later one from the north. ‘ 

.Vlthough the evidence is scared and ambiguous, it seems that there were 
*r« \\elsh g aciatioi^.2S8 The first glaciation went dow-n the Severn to 
below Tewkesbury and probably beyond, and to Gloucester and the Cots“ 
Avoid Hills, overriding the latter at Moreton and oroceedinu 
Gap. It invaded the head of the Avon as far as R^gby and^the 'iSlie! 

^ Murchison 289 rcc^nised and h 
shown by the supenmposed boulder-daya 290 ^ear Shrew^buTin thrVaJe 

wf T ?A seSnd, somewhat 

l^s powerful, glaciation extended to east Worcestershire and the W™ Hck 

shire plateau and was contemporaneous with the Great Eastern Glad" 
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p. 770) but was sciparatcd from the first by the ^'Jurassic gravels”, etc, which 
near Stratford contain a tooth of an archaic form of L^xodonta antiquus. The 
third glaciation followed the Irish Sea Drift^^ (see p, 1200)^ e^gp west of the 
Ceiriog, south of the Dec and near Shreivsbur>^ and Oswestry, and deposited a 
broAvn bouldcr-clay upon the out^vash sands and gravels and upon coaree 
torrential gravels from the hills.^^2 Two glaciations seem to be established 
for north-west Walcs.^®^ 

Cotswold Hills. The Cotswold Hills were apparently overriddenan 
occasional pipe filled tvith boulder-clay, pebbles of northern rocks, e.g. Red 
chalk from Yorkshire and Lincolnshire, and the absence of deeply weathered 
limestone seem to indicate this* though some of the pebbles may be due to 
earth-sculpture of much earlier date. Their ancient, high-level Plateau Drifti 
which is probably coevid with that of Oxford (see p- 629), has suffered greatly 
from denudation. 

Isle of Man. LamplughV West British Ice^"^ w^hich filled the Irish 
Sea overwhelmed the Isle of Man from the north^north-west, deviating 
locally because of the obstruction the island presented. Clean ice over¬ 
rode the higher parts which have a local rtibbly drift^^® tvhile the lower dirty 
ice plastered its drift thickly over the northern plain and against north-facing 
slopes. Marine shells and ^‘foreignerratics^^ from Scotland (Galloway 
granites, Queensberry Grit, Arran granite and pitchstoneSp Ailsa Craig micro- 
granite, DaJradian quartrite and schist), Lake District (Skiddatv slate^ 
Borrow'dale lavas, Eskdale granite, occasional Shap gr^ite^®^ and Ennerdalc 
granophyre^*) and the floor of the Irish Sea (Permian and Triassic sand¬ 
stones, chalk and flint) prove its derivation and source, while the trail of 
erratics from the Manx granites of Dhoon» Foxdale and Oadand give its 
direction.^^ 

Eastern extent of Irish Sea Ice. The severe congestion in the Irish Seai 
due to the peripheral local ice-caps and the glut of ice in the Firth of Clyde 
(see p. 749), found relief by fanning over north-east Ireland, by pouring 
through St. George's Channel, by sending oflshoots though gaps in the 
Pennine Chain» namely, Tyne Gap, Stainmore Pass, Aire Gap and Dove 
Holes, and by spreading as a vast lobe into the Cheshire Gap. 

The Galloway ice* tvhich split about Ravenglass and proceeded southwards 
round Black Combe and over Walney and Barrow, prevented the Cumbria 
ice from flowing freely out on the north, and forced it to escape in the main 
into Lancashire. This southerly flow over Lancashire athwart the mouths of 
the Pennine vallevs, first noticed by R. H. Tiddeman,^^^ is shown by striae,^^>^ 
by drumlins in the Kent valley*^^®^ by Shap granite erratics in the Lune 
valley south of Tebay and in the Kent valley to Lanc^ter and sparsely in a 
cur%ed line (marking roughly the confluence of Cumbrian and Irish Sea Ice) 
by I^ngridge to Whalley and Silver dale (this southerly dispersal may have 
been when the Scottish pressure w as at its maximum by Furness haema¬ 
tite at Blackpool and Rochdale; by Carboniferous Limestone along the eastern 
shore of Morecambe Bay to Liverpool; by Clithcroc red rocks at Stoneyhurst; 
by the southerly and south-south-easterly cany^ of Ingkton Pennian^ and 
of Silurian rocks from Chapel-Ie-dale, Cnimmock and lIorton-in-Ribblcs- 
dale; and by the v ariety of Cumbrian erratics found in the North Staffordshire 
coalfield^EW; they include Eskdale granite, Buttermere granophyre. 
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modification of Carrock rock with acicutaraugitc, Skiddawgranite( ?),Thr<;lkcId 
quartii-porphy^ (?), and Borrowdalc breccias, banded tuffs and basic lavas. 

In conformity with this movement is the dispersal of the boulders of 
Eskdak granite, These ascended the Duddon valley for a slight distance, 
were lifted to more than low ft (300 mj on the west side of Black Combe, and 
were spread over Lancashire from Heysham and Bootle across Morccambe 
Bay to between Preston and Longridge and southwards to Burnley, and 
were scattered over Cheshire, Shropshire to Little Wenlock and LongmjTid 
(1050 ft: 320 m) and to the north Wklsb coast, e.g. Minera Mountain (at 
1450 ft: 442 m), Vale of Clwyd, Colw^m Bay, Anglesey' and Mocl Tryfaen— 
pebbles travelled as far as Wolverhampton and Stafford and in the Severn 
drainage to between Tewkesbury and Gloucester. In conformity too are 
the occasional boulders^^* of the Ballantrae lavas and tuffs from south-west 
Scotland, e.g. in the Liverpool district, and the boulders of Eycott Hill lavas 
winch trarelled round the Lake District from its north-eastern side. 3 i 2 

This Irish Sea ice, the recipient of an important tributary from the Ribble 
valleywhich brought Carboniferous limestone, chert and Silurian grits, 
overflowed with local deviations Bowland Forest, Pendlc Hill and Rossendalc 
highland and abutted upon the western flanks of the south Pennine Nunatak 
stretching southwards from the Aire Gap. The well-marked limit of the 
highest erratics slants very slightly from 1550 ft (47a m) at Bousland (south of 
die wtr^re to Aire Gap) to 1350 ft (381 m) east of Uncashire and 
Cheshire. it inclines m the direction of the flow north and south of the 
Rossendalc highland and towards the CJiviger Gap and Into the Walsden 
Gorge, both of which drained cast of Todmorden into ice-free Calderdale 
($ee Pi 1ZO2}. 

Above the erratic limit, the Millstone Grit has preserved its kaolinlaed 
SOI Ip m irregular ridge-crests and its numerous ueatheri^cj tors Yet 
o^ional patches of drift, with Cumbrian erratics, on the southern Pen- 
nines 3 i 7 pro^^ that extraneous ice. hemmed in between the Welsh mountains 
and the Pennine t ham. poured over the eastern barrier almost entirely Jl* and 
mm-ed into the Midlands where it laid down the Older Pennine Boulder- 
clay 319 as far at least as Leicester and Birmingham. It has been thought 
^t this ice and its contemporaiy from the north-cast coalesced and oscillated 
m the Nottingham district and the northern Midlands.^^o altemativelv that 
the ^^tern ice was slightly later since fluviatile material parts the two 
sheets. It ap^ars, however, that this old Pennine ice of the Older Drift 
was 0^1 with the second Welsh glaciation (see p. 774) and earlier thim the 
Grwt Extern Glacier (see p, 770), I he recently discovered lower till 
in the River Nene and Kettenng area which is free from chalk and flint but 

(sa^'^io^) 

The Irish Sea Ice ^nt a mighty lobe into the Cheshire Gap from the 
north-west^verapreading the wide plain with a more or less unbVoken shee^ 
of drift. The dirertion IS by striae 32 ^ on Buntcr Pebble Beds and 
Keu^r Basment Beds in Cheshire and Lancashire, at Hollington south of 
the \\eavcr Hills, and on the east side of the North Staffordshire coalfield by 
terminal ^rv^ture^d bniised pebbles half embedded in the rocksais’bJ 
fo ds in the by fragments of marine shells found as far south « 

G^oppa and Oswestry p 630); by erratics (mainly fossils) from the 
Whitchurch Lias, traceable to Wolverhampton, LillcshallLid Irenbridge - by 
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abundant Cumbrtait (e,^, Borrowdale sindcsitCk Buttemtere gmiophyrc» 
Eskdale granite) and Scottish Criffeil granite) erratics, the kttGr mainly 
in the westernp the former in the eastern half of the gap^^^—they were trans¬ 
ported to the Wrekin and Chiifch Stretton line of the Bridgnorth moraine 
(see p, 592)1 as G, early noticed, and in smaller numbers to Birming¬ 

ham and Worcester.^^ A boulder of Galloway granite, 30 ft (9 m) Jong, occurs 
near Madeley in Staffordshire. Arran granite also occurs occasional ly, 
as at Liverpool. 

The invading ice tumcd the Welsh glaciers southwards to conform with 
its ow'n movement. The line of confluenccp^^^ marked by erratics of Cum¬ 
brian and Scottish ignqou^ rocks and by marine gravels and shells, runs from 
the east side of Hal kin Mountain tJirough Cacrgwrle and Minera, along the 
Lower Carboniferoijs escarpment and high ridge of the Cefn-y-fedw &nd- 
stone—shells are found at 1167 ft (356 m)^—to Llangollen, aslant the Deet and 
by Ellesmere, Baschurcb and the Wrekin. The latter, though possibly a 
local ice-centre as its dispersed boulders show, 33 J ^vas at one time overridden 
since northern erratics rest upon its summit.The Irish Sea Ice did not 
invade ground much above the 1000 ft (r. 305 m) contour in the neighbour¬ 
hood of the Longmynd 335 ; deposited the Low Levd Western Drift of 
central England.336 Tovvards the northp the line just sketched may be a 
median moraine between local and foreign ice,^^^ 

The Irish Sea Ice swept vast numbers of Welsh erratics out of its path but 
left a concentration of them in the strip of country extending from Broms- 
grove over the Lickey Hills and Franklcy Hill to Birmingham and Lichfield. 
Its southern limit runs by Osw^estry, Whittington and Eardiston. 33 S Farther 
to the south-east, it advanced a short distance down the valleys of the Severn 
and Worfe and entered those valleys which drain eastwards into the Tame 
and even into the Trent valley 339 —it advanced to south of Eridgnorthp north 
of En villc, south of Wolverhampton and south and east of Walssdl.^^® South 
of this southern limit, which is generally marked by a great accumulation of 
bouldcrSi there is in Shropshire a pure Welsh drift from the Tanat,Wyrnwy and 
Upper Severn valleys^ though the Main Terrace of the Severn and Nos. z and 
3 terraces of the Avon (see p. 1005) vvhich belong to this glaciation are 
built up of debris from the Irish Sea Ice: the Kidderminster 'Ferrace of the 
Severn lacks these northern ingredients. Fluvioglacjal streamsi also carried 
northern detritus from the ice at Church Stretton as far as Ludlow. 3 ^^ 

Striae and erratics prove that the Irish Sea Ice skirted the north Welsh 
coast and invaded the Vale of Clwyd to deposit its reddish boulder-clay and 
gravels* 343 -piijg Clw-ydian or St* Asaph Drift of T* M* Hughes, 3 +* derived 
largely from the Trias, contains marine shells and such Irish Sea erratics 
as Gdloway and E$kdale granites, Buttermere granophyre, Late District 
andesites and Ailsa Craig microgranite. Drumlins, as in its analogue the 
Vale of Eden (see p* 759)* graphically portray the lines Of flow 3 ^ 5 : they stream 
along the axis of ihc viley, especially betiveen St. Asaph and Denbigh, and 
curv e into the breaks in the Moel Flammau range, e.g. in the pass of Bod fan. 

The Irish Sea Ice, which constrained the Snowdon ice to radiate to short 
distances only^ except on the south ,346 ivas itself cleft on the north Wales coast 
as divergent striae near Conway and the carry of erratics reveal. The main 
mass parted near the Great Orme from the stream proceeding coastwise to 
the Vale of Clwyd. It swept over Anglesey from the north-eastp engraving 
striae and transporting insular and "foreign" erratieSp^^^ the latter gleaned 
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from all round the northern half of the Irish Sea, including Eskdale granite, 
Ennerdale granophyrc, Borrovvdale andcsitca, Galloway granites, Alisa Craig 
microgranite, chalk and fl int. It i nvaded the h rst I ine of hil Is east of Anglesey, 
deflected the Llanberis Glacier to the south, and made the Menai country a 
zone of conflict and oscillation betu'ccn the eictraneous ice and that from the 
valle>'s of Llanfaerfechan, Ogiven and Llanberis; the striae are sometimes 
crossed and the mountain, Insular and extraneous erratics are intermingled^ 
—^Anglesey was in^'aded for some 3 miles (c. 5 km) by ice from the mainland. 

Farther south, the ice overrode the Lleyn Peninsula—^the summit of Yr 
Eifl (1849 ft: 563-5 m) was possibly a nunatak—'into Cardigan Bay; marine 
shells and "foreign” erratics (chalk, flint, Alisa Craig microgtanite, Eskdale, 
Arran and Galloway granites) occur owr the peninsula west of Llanbedrog. 
It carried Lleyn erratics to Cricclcth^® and, with marine shells, to 300—400 ft 
(90-1 zo m) along the hills betn'cen Harlech and Barmouth and southw'ards as 
far as Towyn.^^® Farther south, the local ice, acting as a fender, filled 
Cardigan Bay except south of Ab^rarth where the Irish Sea Ice again en¬ 
croached upon the land in west Cardiganshire.^^ t 

This vast lobe in St. George’s Channel deployed between Cornwall and 
south-east Ireland; the drifts are shelly at St. David’s and in Pembrokeshire 
and along the south Irish coast betvv-een Wexford and Co. Cork (see below). 
It flooded Pembrokeshire, save for possible nunataks ,352 from the west- 
north-west; striae ,353 crags and tails associated with igneous bosses, terminal 
curvature and erratics, e.g. local rocks ("spotted" diabase from Prescelly, 
diabase from St. David’s Head) and foreign rocks ,354 e.g picrite and glau- 
cophane-schist from Anglesey, Carlingford granophyre, Cushendall quartz- 
porphyry, Cushendun microgranite, Borrowdale lavas, Scottish granites, 
hornblende porphyrite from Castle Douglas, quam-hype rites from the Loch 
Dee area and andesit^ from Ballantrae and Lendalfoot—all these establish 
the flow. The invading ice overrode, in great part at least, the Prescelly 
Mountains, crossed Carmarthen Bay, and went eastwards to Pencoed, where 
as at Rhossli Bay it was practically contemporaneous with the local ice ,355 
and to the "V ale of Glamorgan and Cardiff ,356 most easterly occurrence 
of the Irish Sea Drift yet known in South Wales. The stones of the inner 
circle and inner horse-shoe at Stonehenge (which were erroneously thought 
to have been transported by the ice-sheet from the north 3*7 qj derived by 
man from an erratic-strewn plain fringing the southern English coast 3 S«) were 
shown petrologically to be identical with the spotted diabase of Prescelly and 
banded spherulitic rhyolites from Pembrokeshire which man had easily 
collected from among the erratics dislodged by the ice that passed over 
Prescelly blountains. 

The Irish Sea Ice, with the local Welsh ice, may for a short time have 
blocked the mouth of the Bristol Channel«« and have formed a lake, since 
boulder-clay, with striated erratics (including some apparently from’ Scot¬ 
land), occurs at Fremington in Bideford Bay, north Dcvonshlre>l Erratio 
of Irish Old Red Sandstone and other rocks traced to within 20 ft (6 m) of the 
highest point of the Scilly Isles, 3 « may represent its moraine-prefonde or 
with stnated surfaces, the results of floe-ice.* 


3. /refund 

Invasion ^ eirt^eoi^ ice, Swl^h ice passing down the Firth of 
Clyde overrode north-east Ireland as J. MacAdam^^s recognised. This 
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h indicated by striae and by the carry of local crratics^^ e.g. the Fair Head, 
Slemish and Scmbo dolerites and Castle Espie limestone, and of Scottish 
nocks, e.g. Aika Craig microgranitc, x\rran granite and pitchstone. This 
invasion^ imagined by J. R, Ki!roe^® to have continued beyond the counties 
of Donegal, Mayo and Galway, was of much more moderate dimensions: its 
limitSp fixed by the distribution of Scottish and Ulster erratics (mainly basalt, 
chalk and flint)^ ran roughly along Lough Swilly to Londonderry, along the 
northern and eastern shoulders of the Sperrin Mountams, and by Drapers- 
towTi and east of Omagh to Slieve Beagh, Co. Monaghan. 

Farther souths the ice encroached upon the coastal strip between Dundalk 
and Dublin,^^® carrying with it chalk and flint, Silurian grit, Moume granite, 
Antrim basalt and marine shdlan It extended to 300 m A.S,L. on Saggart 
Hill 15 miles (24 km) south-west of Dublin, and therefore probably invaded 
the Central Plain for some distance.^^l^ South of Dublin, it intruded upon 
coastal Wicklow and Wexford to great altitudes —extraneous material has 
been traced to 1763 ft (537'5 m) on Two Rock Mountain^ Dublin, to 14S0 ft 
(451 m) on Great Sugar I^af, and as marine shells to 1273 ft (388 mj in the 
Killakee valley south of Dublin. Pebbles of the Ailsa Craig microgranite 
are found in the drift with Triassic sandstone and glauconitic Greensand. 
Marine shells, Ailsa Craig pebbles and striae prove that the south coast was 
invaded as far tvest as Ballycronecn, Co. Cork. 

tvernian ice. Ireland, a$ stated tn Close*s classical paper of 1866,^^"^ tvas 
buried beneath local ice (Ivernian Ice-sheet of G. W. Lamplugh,^^^ Midland 
General Glaciation of Farringtonexcept possibly for an occasional pro¬ 
jecting summit* Its radiants lay in the mountain clusters of the weat^^ 
(Donegal, I^itrim, Mayo, Galway and Kerry) and on a much smaller scale 
in the Moume Mountains^^^ (lateglacial) and Wicklow^ Mountains, 
especially on tlieir eastern side. Here the early glaciation, as in \Vales across 
St. George’s Channel, was an ice-cap. Its drift is now thin and mature in 
outline and has badly w'eathered boulders^ The mountain clusters did not 
govern the glaciadon throughout the Ice Age, since at the maximum 
the control passed to an axis on the lowland stretching from Co. Galway to 
Co. Antrim .^80 

Donegal, perhaps the most powerful of the gathering grounds, was glaciated 
from an axis traversing the Glenveagh and Bamesmore Mountains 381 ; 
countless striae, roches moutonn^ and dnimlins radiate from it and erratics 
of the Bamesmore granite are dispersed fanw ise ffig. 143). The widely dis¬ 
tributed erratics of Galway granite^ ranging as far south as Mallow and Clon¬ 
mel and to the Aran Islands in the west, establish the importance of the 
Galway centre.^®^ 

Ice from western sources crossed the Central Plain from the north-north- 
west as striae, drift-ridges and lakes show, 38 ^ w'ith deviations induced by 
mountain obstacles—the influence of the Wicklow* Hills^ for example, tvas 
felt possibly as far north as Maynooth.^*^ It overrode Slieve Bloom, Keeper 
Hills and the north Dublin and Wicklow' Hills, carrying Carboniferous 
Limestone from the plain up to 1000 ft (300 m) on the flanks of Slieve Bloom 
and to S50 ft (r. 260 m) on the western shoulders of the Wicklow HillSp and 
to 1200 ft (r. 360 m) on the northern shoulders which were exposed to the 
full force of the thrust. 

The Ivemian ice coalesced w^ith the Irish Sea Ice on the plains north 
of Dublin, the fluctuating fortunes of the contending masses providing 
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a complex series of drifts, It pursued a southerly or south>easterly 
course from Ennis to Limerick^ and over northern Co. Cork,^^ trans¬ 
porting erratics southwards from the Carboniferous volcanic rocks of Co, 
I -imerick. 



Fjo, MS.^FtmsofeimtksoritieEtBmEiniDn; granite, north-west Tr«lind. J. K. Chi Haworth, 

p. S19, Eg. I. 


The mountains of Kerry were the centre of a powerful radiation which 
occupied almost 3000 stj, miles (c, y^tjo aq. kmj and filled the rias and even 
crossed them transversely. Glaciers covered western Co. Cork and crept 
eastwards down the great longitudinal valleys in confluence with ice on the 
north and east, 3 S 9 the wholecountry being buried, though w ith thinner ice than 
farther north and for a comparatively short time^M; Close 3^1 thought the 
Comeraghs projected as nunataks and H. C. Lewis imagined the flow was 
arrested by the Old Red Sandstone ridges. Kerry ice reached the south coast 
of Co. Cork and extended to the county’s eastern limits where its character¬ 
istic boulder-clay, full of Old Red Sandstone rocks, rests upon the earlier 
northern drift. Its northern limit is unknown but may have run south of a 
line from Tralee to Cloyne. 

Sligo and Mayo were glaciated by icc which swept northwards over the Ox 
Mountains to the coast in conformity with the striae and the transport of 
erratics of the Ox Mountain granite and the similar cari^ of boulders of Old 
Red Sandstone across the Carboniferous Limestone valley between the 
Curlew Mountains and the Ox Mountains^J This northerly movement is 
traceable as far south as the head of Clew Bay which the ice crossed 39 + Yet 
at one time the ice passed along tlie bay as striae, drumlins and marine 
shells in the Clare Island drift testify, 39 ! 

The Scottish ice and the Ivcttiian ice met in Ulster and deflected one 
another about Lough Neagh to north and south 3 M {fig. 144 B) Ice from 
western Ireland streamed over Slieve Gallion and down the Bann and flowed 
south-eastwards over Sbeve Gullion, spreading fenwise over Lough Neagh 


JRELANU: IVERNIAN 


7S1 



Fig. Lines nFice-fkkivowrfianh-ea^l Irelend at thr period of Scottiih gladaiion {righi), 

at the pcuod of confluent itc A. R. DwcrrjhDiise, 43S, p, 4^1, figs. A and E, 


and caroling igneous and metamorpliic roefes from Co- TyranQ to the valJey 
of the Main, to the south-east of Lough Neagh and into Co. Down. The 
Scottish ice» which continued to flow southwards over Co. Down* was forced 
to move in a north-north-westerly direction up the Main to tlie north coast- 
The distributions of the drumlins (see fig, 252, p, 1212) and of erratics of 
certain distinctive local types clearly bring out this arrangement of the flow 
lines (fig. 145), 

As on the Orders of Wales on the opposite side of St. George's Channel 
there are in the south-east unmistakable signs of a manifold gkeiation. The 
earliest limestone-bearing drift (the “Limestone Gravels" of the Geological 
Sun^ey)p now^ largely destroyed by weathering and mostly only rccognbabtc 
from the associated erratics* is found south of the Newer Drift (see p. i ao8) 
and in the mountainous areas below^ the end-moraines. Within this line the 
ancient boulder-clay* much kneaded and contorted, underlies the newer 
boulder-clay and moraines: it is exposed in numerous coastal sections in Co- 
Wicklow and Co. Wexford. 

ITie first of the three mountain glaciations recognised in the Leinster fiilb 
—they are termed the Enniskerry, Brittas and Athdown glaciations^^ — 
probably extended from the Wicklow Hills to the east coast™ It abo spread 
from the Comcraghs and KnockmcaJdowm Mountains to the south coast of 
Waterford where a red boulder-elay of local origin surmounts the marly 
boulder-clay of the earlier northern glaciation- Drainage channels and their 
deposits prove that the Brittas glaciation was roughly contemporaneous with 
the Eastern General Glaciation. 

I'hat the Athdown glaciation of the Wicklow Hilb was later than the Newer 















Drift on the plains, as the first was later than the first main glaciation, is 
shown by the occurrence of its moraines upon the Newer Drift in Glencree 
Co. Wicklowandat Lockstotvninthe King’s River valley, and by the behaviour 
of its drainage w'hich escaped freely.^ 

The succession in the peat bo^ at Ballybetagh and other places near 
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^ rem^rate bed is overJaitx by an arctic bed contemporaneous 
with the last WickJoivglaciation, suggests that the main Ivernian ice had with¬ 
drawn from the Central Plain before the onset of the local ice. 
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PLEISTOCENE LIFE 

1. Plants 

The kte-Tertiarj' flora shows the Impact of worsening conditions in all 
quarters of the globe (see pp. 690-696). The floral i»nes migrated slowly 
equatorwarda and the Asian element was gradually eliminated in Europe 
(see p. 693). This elimination continued thmughout the Pleistocene, as is 
^own by a comparison of the floras of the different interglacial epo^ in 
Europe (see pp. 908^10), the British Isles (see p. 1383) and North America 
(see p. 1376). During the glacial epochs, the floras wandered southwards 
1 n the itorthem hemisphere and were modifled (see pp* 137 5 j 1376) Asylums 
probably existed in both the Old World (see p. 1391) and the New (seep 1192) 
Tundra occupied the perigladal zones outside the ice-sheets in Europe 
(see p. 1066) and to a less extent In North America (see p* 106S) Forces 
persisted in the Mediterranean region (see pp. 957, 1379). Floral changes 
took place m the pluvial zones of still lower latitudes (see ch. XLI) 

During the interglacial epochs, and particularly during one peri^ of com¬ 
pete deglaciarion (sec pp. 915-91?). the flora re-occupled the glaciated lands 
1 he order of immigration was in general that of postglacial time though there 
werecertam ^noT differences (see pp. 908-910). Each interglacial ei^h had 
a slightly different manne and plant composition (see p. 910), 

On the final retreat of the ice the plants migrated polewards once more the 
rate ot spreading depending upon numerous factors (see p* laaeh 'Fhe oLmts 
returned to the glaciated terrain in a definite order, as is revealed bv the 
macrosMpic remains and the pollen in the peats and other accumulations (see 
pp. *43^1450). ^ 

During the postglacial climatic optimum many pUnts reached higher lati 
tudesthsm now («e pp. 1484-1494) but were driven southwards in the northern 
hemisphere by the cbmatic worsening about 500 b.c* (sec p. 1490 Eauili 
bnum IS seemingly not yet established (see p. 149S). ^uiu 

Idvertebrates 

The Pleistocene invertebrate life, which is preserved in stream lake and 
manne s^iments, and m loeas, cave, tufa, scree and other deposits hTa 
h«tor>' which in the main parallels that of the plants. The 
of the later pm of the 1 ertiaiy era was recorded in a latitudinal shiftTf bf 
marine shells (see pp. 696-699), and was followed by that of glaSl timH when 

land(^pp. 1378-1386)^4 marine(seepp. to9t^,;93,),hclL'ercgreaflJ^dr 

placed <:q»«ton^ds and bipolarity among certain forms may haST«uIted 
(see p. 10S6). TW changes were accompanied by others which were mo 
duced by the to-and-fro movements of the sea-shores with the altern Jrl^^ r 

epochs both land and manne shelb rt-oocupied their orevim.* 
reached higher latitudes in both the Old World (see p 0,^4 anH 
(see p. 916). ^ 
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The lateglacial and postgkdal changes in climate and geographical dis¬ 
tributions of land and water were reflected in migrations of land and marine 
invertebrates (see pp. 1290-1313). 

3* Maminals 

Provenance. The investigation of the Pleistocene vertebrate fauna sprang 
from the search for unicorn's horn (eAwr fossile)t a supposed specific for many 
diseases. J. F. Esper examined the animals of the French caves between 1770 
and 1790 and was followed in Germany by the brothers J. and R. Wagner* 
The exploration in Britain Initiated by J. Whidbey in 1S16 and carried on 
by J, McEncry and by W. Buckland who applied to KirkdaJe Cavei the lessons 
he had learned from G. A. Goldhiss in Bavaria. The study of British fossili- 
ferous caves was continued by R. A. C. Godwin-Austen, G. Busk, 
W. Pengelly, W* B. Dawkina and W. A. Sandford while C. Lyell^ J* Evans 
and J* Prestvvich investigated the river gravels. 

The animal remains^ usually teeth, less frequently bones> are obtained oc¬ 
casionally from oil seeps and muds of salt springs^ e,g. at the late-Pleistocene 
Rancho la Brea^ near Los Angela in North America (sabre-tooth tigers, 
wolves, elephants, ground sloths^ camels, horses, tapirs^ antelopes, deer, 
peccaries, rabbits, moles, bats; storks^ peacocks, turkeys, eagles, ™lturc$t 
condors), but generally from brickearths and river-terraces, from loess and 
especially from caves and shelters^ most of which lay beyond the ioc and its 
floods. The caves, which were more plentiful during Pleistocene than during 
the preceding Pliocene^ (see p. 225), have been of the utmost importance in 
Europe but in America ha%'e furnished comparatively little information about 
Pleistocene life, partly because there were no cave animals (cave lion, cave 
hyaena and cave bear). The caves are almost invariably hollowed out of 
limestone, as in the Ordovician of Choukoutien, Pekingi'* Devonian of Kent^s 
Cavern,^ Plymouth, Brixton, DrachenhotJe,® the Harz and Moravia,^ 
Devonian and Carboniferous in the Ardennes, Carboniferous in the Pennine 
Chain, e.g. Victoria Cave, Settle,® in Flintshire^ Gower and the Mendips, 
Permian Magnesian Limestone, e.g. Creswell, Triassic dolomite of Wookey 
Hole,^ Jurassic in Swabia, Jura, Kirkdale,^® Wildtirchli^i (Schrattenfcalk), 
Kesalerloch,^^ Schwcizersbild^^ (Malmkalk) and rghtham^-^ (Kentish Rag) 
and Cretaceous in the Dordogne* 

The remains are found in the white or cream-coloured stalagmite, grown 
under wet conditions by drip from the roof. It is coloured by earthy and 
ferruginous matter and is loose and friable in texture or^ more commonly, 
hard, coherent and crystalline* Remains arc obtained too from cave-breccias 
wbich^ especially at the mouths of caves, consist of angular fragments de¬ 
tached probably by frost from the roof and walls and cemented together by 
carbonate of lime. Cave-earth, a tenaceous reddish loam bid dow^n by flood 
waters charged w ith the silts of sucecssive inundations, either intermittent or 
irregularly recurrent, has likewise served as a tomb, as have the water-worn 
gravels which have been carried into caves by subterranean or surface w^aters 
or the sea and have been frequently consolidated as a conglomerate. 

The caves were often dens of cave hyaena and cave bear, the former 
occupying the caves all the year rounds the latter only during the winter 
months.IS The animals left an excessive number of teeth in ratio to the 
number of bones; they gnawed, fractured and crushed the bones of their prey, 
including young mammoth^ in a characteristic fashion which is exactly 
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comparable u.‘itK that observed in modem zoological gardens; they scored the 
splints by their teetli and claws as Bucklandl^ recognised; and they deprived 
the lower jaws of thei r angles, coronold processes and lower borders. ** Their 
fossil faeces or "coprolites"!® build in places a greyish-white layer {album 
ptatfum') of calcium phosphate often flattened by tramping. The animals trod 
and polished the bones and floors and smoothed and polished the walls of 
narrow passages by rubbing their hanks against them,^® Footprints and the 
teeth of young hyaena and occasional foetal remains of the cave bcar^^ confinn 
the occupation, as do the vast quantities of the remains and the "captivity 
diseases” of the cave bear,^^ which was the only animal in some of the caves 
of Bavaria and the Harz Mountains and at Mixnitz was apparendy a 

herbivovc ,24 


The Jennanowska cave (Poland) yielded c. lOOo beais ,25 Wildkirchli vias 
also a bear den; for, excepting a few individuals of Felts pardits and F. 
sf^hetis, the bones represent over lOoo bears and 99 5% of the total wdght,2« 
Similar figures from other caves 27 are Ilohenstcin, ^%; Charlottenhohie, 
99%; HohJenfcIs, 95%; Coteneher, 95%; and Polotschnik cave (Karawan- 
ken), 99%. The bones of the remaining animals have either been washed 
into the caves 28 or have been carried in by predacious beasts—manunoth bones, 
for example, usually belong to young'individuals^? while hippopotamus is 
mainly represented by young adults or calves.^ ^Vhile A. Penckwrote qf 
an Lbetschtemmung of cave bears it is more probable that the density was 
no greater than that of a brown bear area to-dav and that the animals were 
concentrated lucally .32 In general, a cave ivas ^copied at one time bv one 
or a few families only.-^^ 

Some caves served as domiciles of man (see ch. XXXV); ashes and 
carbonised bones are not infrequent, e.g, at Wookey Hole in Somerset, and 
the commonest bones sometimes are those semceable to roan, e.g. Lepus 
timidus, Equus cahalltis, Raugifer iaraudus and Lagopus. Kess’lerlMh, for 
example, was inhabited from Mousterian to Magdalcnian times ^ Caves 

Eepulture and of mural decoration fsec 
ch. XXXVj+ ^ 

The abundance of the animals during the Pleistocene may be gathered from 
the following additional numbers found in well-known caves- Kirkdale ^5 
c 300 hyaenas; Hohenstcin ^6 c. 400 cave bears; Polotschnik Cave^T (e^t 
Kaimvankcn), 1500 bears; Inchnadamph,^^ more than 400 reindeer- Peter- 
fels,™ 640 reindeer and S70 arctic hare; Gaikitrcuth Cave, 800 cave bears- 
Kesslerloch « at least 500 reindeer and 1000 arctic and alpine hares- Tor 
Bryan cavv-^i (Devonshire), more than 800 hjacnas; a “cemetery” of mam- 
mqt^ at Cannstadt; nearly 1000 mammoths at Pfedmost«; more than looo 
elephants in Swubia^tS; more than 500 mammoths dredged from the floor of 
the Xorth Sea in 13 years^; 16,000 lemmings in the Bakarova cave near 
Ostrov, Moravians; more than 3000 reindeer in the Grotte de Gourdan«i- 
and 100,000 horses on the Aungnacian station of Solutj^ ^7 7*^^ Drathen' 
hohle n™ Mixnitz^s (32 km north of Graz) yielded remains of cave hear 
estiimted at 90«^ia,ooo individuals (30,000-50.000 may have died here) and 
nearly 24,000 metric tons of phosphatic material, derived from faeces and 
from bones and animal mmains including bats. The prodigious numbers 
of bones of cave bears of one single species form one of the mmt 
biological phenomena of the Glacial period. The remains were of coLl 
accumulating during many thtjusands of 
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Nevertheless and in spite of the varied fauna kjio\™ to us — the British Isles 
had at least 72 sp^cic$ of mammals besides birds, reptiles and amphibians'*^ — 
they pr^nt but an imperfect picture of the whole Pleistocene life. Glacial 
faunas in particular arc poorly represented while in judging the relative 
abundance of Ac various animals in the river gravels corrections have to be 
made for certain biological factorSp such as the animalmode of Iife» its am¬ 
phibious habits^ its custom to live in herds, and the si ze of the skeletons or of 
individual bones.^® Fish have rarely been observed. Thus only ten species 
are known from the British Pleistocene,including perch^ plte^ roach^ dace^ 
tench and rudd. Birds also are rare; this is exemplified by a list of British 
Pleistocene birds^^ and of birds from Mixnitz.^^ 

Characteristics and Geographical Range 

Tn these pages we are concerned not so much with osteology as with die 
light the mammals throw upon the climate and the physical and other 
changes of the times. Consequently, the description of the more important 
members of the fauna is based not upon a strict zoological classification but 
upon the climatic zones in which the animals lived, viz. (cr) southern, 
(^) steppe, (r) tundra, (ij) alpine and (e) climatically indifferent animals with 
great powers of adaptation and consisting of species still livings e.g. wolf^ fox 
(S+ H, Reynolds^ dc$cribed the fossil Canidae of Britain and Freudenberg^^ 
those of central Europe), details of which may be obtained from standard 
zoological text-books. Regional monographs on the Pleistocene mammalia 
of various countriesj e.g. Britain,^ Baden,Hungary,-^ Russia,^^ Nether¬ 
lands,^ Denmarkand fberian Peninsula,^^ furnish a valuable basis for 
faunal studies. 

The Holoarctic fauna of Pleistocene North America and Eurasia was 
derived from common ancestral sources. Of eleven orders of Pleistocene 
continental mammals of Holoarctic distribution^ tight were common to both 
hemispheres, the marsupials and edeutates being restricted to the New World 
and the Primates to the Old World. The faunal differences become more 
apparent when the families are considered.^^ 

{a) SoMthern Mammalia {Faune chaude) 

The Pleistocene mammals include a number which W. B. Dawkins grouped 
together under the rubric “southern”. This gtoup, however, was for the 
most part not strictly southern in its origin; for some of its members were 
Asian and others, so far as Europe is concerned^ were autochtonou$ and had 
persisted from the Pliocene. The truly African species^ if there were any, 
may have entered Europe over land-bridges tvhich oflfered an unobstructed 
passage for immigration from North Africa by way of Gibraltar and Sicily and 
from Asia Minor by the Aegean Sea and the Hellespont (see ch. XLl V). 

This faune chaude included Jlippopolamus^ Cameius^ Rhinaceros^ 
Mai:ftatradu$, Felis and Crocuta. Although a few species, including Hippa- 
pQtamsis amphibius are still living, the majority' are now extinct. 

Hippofwtnmus. The Pleiatoceue lltpfpopQtamus^ was somewhat bigger 
than the li\'ing form of central and southern Africa- Cuvier there¬ 

fore, re^rded it as an extinct specie^, JR mapry and A. G. Desmarest (1822) 
n^ed it OTitiqmts^ But the animal seems to have been specifically identical 
w ith H. amphibfis^ though latcr palaeontologi$t$*^^have persisted in using the 
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term thereby impl^ng the existence of two species. H. F. Qsbom«« 
named it // . amphihius mi^or. Like Crocuia crocuia and the great cats it most 
probably originated in Asia since it was present in the lower Pliocene of the 
Siwalik rocks of India and made its first appearance in Africa {Egypt and 
AJgeriaJ in the middle Piioecne* 

During the Pleistocene, the hippopotamus in Europe had roughly the same 
or a slightly smaUcr range than Elephas antiquus and Diceros lepforhinus 
and, as mapped by Boule*^ (fig. 146), embraced that part of the continent we$t 





of the Rhine: it wa® rare cast of that river and tTip DhAn.. c* 
MMbach-Biebrich (near Wiesbaden} and in Lower Austria JO ‘ 
ful m nver-^-eb in Engird (a whole herd, ^ith individuals of all ^ 
discovered at Barrm^pn, CambridgeTi), ^ Thames and SeS’ ^nd 

went ^ north as Lirksl^l near Leeds (three individuals) J2 It was^led 
into the hyaena dens of KirkdaJe, Pont New7dd, Cefn Gower inU ^ j 
ham Down, Kent’s Cavern and Overton. * 

The hippopotamus inl«bitcd a land provided with the river® and lakes that 
are necessary for its dispersal It wandered through Europe fmm Th 
Mediterr^ean rc^on by the Rhine and Rhone, less Jrobably^ SdSr^vl 
postulated, by the Jordan and south east Europe. The*^ima] was akn f ■ t 

and Syrii^'" ^^^’tral anf north Africa Id iniSesdne 

Cani€tu5e The camels ircisc m the upper Eocene nf \ 

passed though the Miocene stage of Frocam^ts, and mii-rated Wr. 
south Russia during the Pliocene ^6 into South Ar^/^a oTe^ 
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the central American Jand-b ridge in the Pleistocene. They were widespread 
in North America^"* and had several species in the European and neighbouring 
Pleistocene. These included Camelus aiufensis Stef, of Rumania,'?^ C, knob^ 
toehi Nchr. of the Volga,"?* and those which wandered into Italy,Algeria™ 
(C- fAoffWJi Pom.), GJilee™ and west Siberia.®*^ 

Elephants. The Pleistocene elephants arc of considerable interest to the 
geologist since their evolution, partialitj' to warm or cold climates, and gradual 
extinction confer on them zan-A or chronological value. 

ITie mastodont of the Pliocene®! jg distinguished from the elephants by a 
lower and flatter head and by simpler grinding teeth, newr more than two 
at a time in use in each half jaw, 'ITie animal became extinct in Europe at 
the end of the period but sur\-ived into Pleistocene North America. Here it 
has been various called Mtmmut americanm^ M, ohiotiaa and M. ^gaateus, 
and ranged widely and abundantly south of the ice-sheet,especiallv in the 
forested region of the Pacific coast and east of the Mississippi. With the 
tapirs it extended into South America. 

Skulls and skeletons of Ekphas are extremely rare in European deposits; in 
England, for e.KainpIe, there has been found only one skull (mammoth) at 
Ilford and only one skeleton, minus the cranium (E. antiquus), at Upnor near 
Chatham — a similar almost complete skeleton was found in ItalyMolar 
teeth, on the other hand, are extraordinarily plentiful and establish an 
evolutionary^ series. 

The evolution of the molars shows that the ridge plates are transverse 
ridges which haAe gradually become compressed and increased in numl>cr( 
and that the whole cnoivn of the tooth has Lnereased in depth. Hencep 
generally, the deeper the tooth and the greater the compressjon, the more 
numerous and the narrower the lamellae, and the wider the tooth, the later is 
a specimen's geological age: the number^ compression and elevadon of the 
ridge-plates increased as the primitive bmw'sing habit det-eioped into a 
grazing habit. The third or ultimate molar of E. planifrons had ii ridge- 
plates, the most highly specialised grinders of £. pritnigerntu (Siberian type) 
up to and those of £. pritnig&rnm fomprestus of Alaska 27.®* As in the 
case of the rhinoceroses and the voles the change was an adaptation to hard 
vegetation {the mammoth near its southern limit had wide-placed molars to 
feed on more succulent vegetation) or to the increased growth of the tusks.®® 
The dentition of the Pliocene forms has been discussed by C. Dep^rct, 
L. Mayet and F. Roman^®^ and that of the FJebtocene species by several 
palaeontologists^ including M. Pavlovwho described the Russian fossil 
elephants. 

Before Falconer's differentiation in 1844,^2 ^\[ British Pleistocene elephants 
were referred to puinigemus^ aberrant molars being regarded as varieties 
only, as by Owen.'^^ Falconer recognised three species, E. Nesti* 

E. primigenius Blum, and E. cntiqutis Falc. A. L, .Adama^ adopted all three 
but emphasised their variability. H. Pohlig^i showed that the broad 
crowned varieties^' of E. (mtiquus were intermediate both in form and age 
between E. meridionaii^ and E* pnm^enius and named them E. meridionslis 
trogontfteru £. arm^iacm Fdc. according to Freudenberg^). 

’l^ile the Tertiary and preglacial history of the Elephas ancestors has been 
well written by H. F. Osbom^^^ the Pleistocene evolution of the elephants is 
the subject of divergent AnevAS.^® AH agree that the three classical species no 
longer p rovide an adequ ate classification. Some think E. antiquus, E. a/rkanus 
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and £. ni&ridimalh belong to different genera,^ others that E. m^tiquus was 
e\^o|ved from E. planifrofiSf^^ from E. afriiraniiS^^^ (Soerge^l^^ denying this^ 
thought E. africartm was descended from some unknown St^odon), from 
E. mmdionalisy'^^^ or from amomus^^ Forsyth Major of the Val d'Amo and 
other localities in Italy and France and the Norwich Crag of East Anglia, w ith 
a form transitional between the tw^o in the Cromer Forest Bed.^^^ Recent 
suggests that E. afrkanus evolved in upper Pleistocene from an 
E. platiifrotts phase through an intermediate form E. ejcQptatm, 

SoergePO? thought the ancestor. £. phmifrQm Falc, of the Pliocene of Asia 
and Europe.^®^ e.g. in Bessarabia. Lower Austria, P'rance and East Anglia^^ 
(Red Crag) and especially in Italy and North xMrica (Algeria), gave rise to the 
Indian E, hysudricus and the European E. miridionalh. This evolved during 
the climatic changes Into a temperate forest form, E. aniiqum, and a peri- 
glacial steppe form. E. fTogonthErii, In the lower Pleistocene, there were 
transitions between E, mitiqum and £. tragontheni and in middle Pleistocene 
more sharply defined end-forms, E. dntiquuj^ £. purnigemm trogojitheriL The 
evolution he envisaged is as follows: 


U. Plebtoccoc 


Ml Flcistocicne 


^'l artliqmn 


E. ftrimgtmui 

Mr ^fiWr^iTiiiir 


ni^i 


L, FteuKKcnc 


Er primi^tmut ifosoaihfni 

\ 

E. tTQ^ttflvrii prhtt^fnifa 
E. £" trogontherii meTidmt^iu 

PliocenF-PlFiitoccne traiiiilion £, mei^nala antiquia E. mmijiwiV meridionatii 
U. Plidccnc £ mwiJianalii primitivui 

Blood analyses of the Bercrov-sk cadavrcH^ show that the mammoth is 
more nearly related to the rndian than to the African elephant* 

Deperct and Mayet.m who trace E, meridionaits from E, plamfrotts and 
R mtiqmti frorn £. auionhii and place the origins of E, africama and E. indiaa 
in their respective continents, recognise a mammoth group of quite indepen¬ 
dent origin, consisting of {a) Pisrelephai {£.) twgottthern Pohl (= E. inter- 
Jourdanll^ and E. primtgenks fraasi Dietr.lU), which began in the 
\ illatranchian and had broader molars and thicker and fewer lamellae than 
(6) £. prtmigettius which originated in the Pliocene of San Paolo and (e) E 
sibenc^ which first appeared in Europe in the Aurignacian of Gargas cave 
and differs from the preceding in its more numerous lamellae. ^ 

Ostrorn,'!-* who derives all elephants from Africa, recognised the following 
tur^iatic specKS oi Parelepfiai in ascending progressive order: P, troem- 
therwdes Zuffardi, P. fro^iwitAmV nerlri Pohlig, F, trogitntkerii Pohlit P 
armeniacui Falc., F. mferWiwf Jourdan, P. wiati Pavlov, and the follmvinr 
succession of jV/unfiniitAMr; M. pumigenita aitensii Dep* «e Mav of the uppef 
Pliocene, M. pnmigejitus leith-adumsi. A/, ptimigmim fritasi Diet and 1/ 
pHmigmius prtmigeruus of the European Pleistocene which later evolved inro 
the American M. prtmigetiiini americanus and M. primigenius combrestus 
1 he meridional or southern elephant,! is Elepfi^s mmdionaiis, has wide and 
shallow molars with thick and smooth enamel and Eirantic tnsl:« Tt t' a 
in habitats of various kinds in Europe, west of theEe, atS roamJd n^ 
south France and Italy,”* and as far as the Black Sea and North Africa ' 
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Elephas antiqitus}^^ the ancient or straight-tusked elephant of DawkinSp 
known from skeletal parUt e.g* from Upnor, and from three prehistoric 
drawing^^^^^ viz. from Pindal Cave, North Spain, and Sud Oranais and 
Guebar-Rechim, Algeria, had narrow and deep teeth and tusks up to 5 m long. 
Adapted to grass^steppesj as according to Zeuner^^® the shape of its skull 
indieatest it lived in North Africa*^^ and Phoenicia and the region south of the 
Alps and Pyrenees, e.g. the caverns on the Mediterranean shores^^^ (Gibraltar, 
Malta, ItalVi Sicily). It ranged as far north as Kirkdale and Settle in York¬ 
shire^^ and to Denmark, Holland, Antwerp, Berlin and Warsaw, and 
as far east as Bessarabia, Bucovina and the lower Danube (flg+ 147)+ It was 
absent from Austria. 



Fig. ^aviTn^Uic dutjibuik>fi in Fleisroctot Etutupc of Eftphas anii^niu (daih 

lin? K northern Limit)- M. Bdllle, //r, Eg. ^t. 


E. namadicus, the Asian equivalent of E. atdiquus, ranged through Asia 
from Japan and China to India and Persia.^^** 

E. trogotherii^’^'^ Pohl includes all the specimens labelled £*. mmdianalh 
from the Cromer Fore^ Bed as well as some previously referred to E, antiqtiuj. 
It was rare in France and was apparently wanting or rare in Italy, Spain and 
the Balkans. The discovery of an entire skull In the Mosbach Sands with 
the typical teeth in place dispels alt doubt of its specific difFerenceA^ 

The first Interglacial had elephants of the meri'rfjrbM/if, afttiquiis and tr^on- 
iheni types; the second interglacial had ofttiquus and both readily 

distinguished but with Intermediate variants: and the upper Pleistocene had 
antiquus and primigeniu^^ each specifically quite distinct. 

The succession of the American elephants w'as Mammuthus imperator 
Leidy, M. columhi Falc. and M. primigenius Blum. Although other views 
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have been hcld,l 3 i in Sctfirgel’a opinion imperator and M, coiuinbi (Col¬ 
umbian mammoth) art p closely related aa arc Eiephai ttogontheru tiimduttmlis 
and E. trogontheriiprtm^enius In Europe and art descended from E- meridiortaiis 
Nesti, the aniiquui branch in America being elided. Although the American 
mammoth may have been autochtonous, Ae last mutation of the imperator- 
^Iwrtbi scriea, its origin is much more probably Euraaian^^J; it wandered 
into th<s Old World across Bering Strait.*^ 


Dwarf elephants and hippopotamus. Confinement to the Mediter¬ 
ranean islands, following the breakdown of the land-bridges (see p. 1^35), 
led to the evolution of a number of dwarf species of Elfpkas and H!pp0p{ttamia 
just as rhinoceros has become smaller since it was isolated in the East Indies, 
This deduction is denied “ 35 because Sicily was large enough to supply 
su. icient food and there were dwarf forms on the continent,e.g. at Pisa 
and Corinth, In Spain, in the Volga area and in Algeria (Eliphas tolensis Pomel) 
—the presence of drvarf elephants in JMgeria is, however, contested .>37 it 
disputed too by those who believe the dwarf forms immigrated as primitive 
small races (sec below) or were small possibly because of certain deficicnoes 
in the plant food. > 3 * 

The dwarf elephants, first recognised by Adams >3? and fully described 
with hi^rical treatmentl« by Osborn and Vaufrey, include E. cypriotiis 
Bate (o 85 m lugh) m Cyprus, E. creticus Bate in Crete.l« £. Utmormorae 
Major m Sardinia,l« and JJ./flZcojwriBuak (f. 0-9 m high), E. melittJtsis Falc 
c- Adams (c. 1 go m high) from Malta and 


The number of spikes is uncertain. G. Schlesingeri« thought there were 
only two, namely E.fakotter, Busk and E. mfiitensis: O. Abel >^6 preferred to 
group them all under £./aW/and H. Pohligi^y E. {^ntiquu.) metitae 
hale Vaufrey disUnguished three subspecies, via, E. mthuus 
Bu^ (= E. Cypriote, Bztt) E. antiquus melitemis Falc, (= E, cretkm Bate. 
te. iamamtorm Major) and £, antiqum rnnmdrkmh Adams, 

The^, theonly representatives of the genus in the Mediterranean islands 
were d«med to have evolved from a separate branch of Pliocene dwW 
ellcphante .>50 Morpholopr and the dimensions of the molars and cranium of 
£, mnatdrtensu suggest, however, that this evolved from E, aniiquusni 
£ i^idicnidis the bluest of aU elephants, which reamed the 

Mediterranean lands before the islands were isolated. The degeneration 
which affected the ^nes and much less the skull and teeth,l 33 j, home out 
by the SIM (the Upnor E. antuiu:,, was almost + m Wgh) and fav the 
Steady ^mmution of the animal as the remains are traced upwards thmugh 
the beds; a cave n^ Palermo had two superimposed deposits with E 
mehtmm ^low and E.falconen {c, 1 m high) abovejs^ Osboml55 howev« 
refemd al the remains to the genus Palaenloxyjdm and believed th^ZVf 

appearance of Et^ho, He thought they sprang from some und s^ 

covered genus of African elephants which also gave rise to the £ J 
group of India and the Far East. ^ ^ 

The dwarf hippopotamus of the Mediterranean includes the 

Falc. of SMyl» ,„d W d, Blain," 

intermediate form in Cyprus.> 3 ® The slanda hav^ aitr, 1 j ,, . 

oofemi) aod . dworfbo„.«. (Sfollto) 
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Rhinoceros- The nomenckture and classification of the Pleistocene 
Rhinocerotidae^^i are somewhat confused. Five species have been dis¬ 
tinguished: Rhmocerm me^arhittus De Christol, R. eimscus Falc.p R. merckii 
jSg.j R. kpt<frhtnus Owen (= R. kemiioechm Falc.) and if. antiqmtati^ Blum 
(“ R- ii^/i&rh(niis Cuv.). Although some^ including E. deem all five 

to be gCM>d speciesp other writers regard etrusois as identical with megarhintiS^^^^ 
v^ ixhjiemitoecitus^^ or with merckii On the other hand* the if. merckii of 
continental geologists is equated with if. megarhittui^^ or w^ith if. 
of English palaeontologists,^*^^ J. J. A. Bemsen^*^ would include R, 
megar/tinus and R. hemitoeihtis in if. merckii Jag. This species, if it be distinct, 
most probably, as the Mauer intermediate fauna shows, descended from 
if. ctruscus,^^ though its occurrence in the Cromer Forest Bed may point to a 
separate origin.^™ 

Less certain are the R. hundskeimensis of F. ToulaJ^^ (= if. etrtiiois Falc+ 
race hundsheimcfisis Toula according to Freudenberg^^2j the if, (merckifi 
mosbachefisis of IL Pohlig^^^ who placed the Latter intermediate betsvecn 
if. merckii and if, eiru^cus. The Pleistocene Rhinocerotidae^ w'hich are in all 
probability relatives of the nearly extinct white or square-no$ed rhinoceros 
Cer^tolherium Africa, may be classified as Diccrorhinusetruscusj Dicer&s 

m^arhirtttSj D. lepterhimis (= Rhimeeros hemitoechus Falc. = if, merckii Jag.) 
and Tichorhinus antiquitatis Blum (=5 if. tichorkinns Cuv.}. 

Diceros etrusau, as Dawkins and Falconer described vvas small. Its 
upper true molars are distinctive; for they had low' crow™, abruptly 
tapering coUcSt ^^nd a stout cingulum in the exterior aspect. The septum 
shows the beginning of the ossification which continued in late forms and 
attained its maximum in Ticfmrhinm ontiquilath^ 

Diceros megarkmiis^'^^ rhinoceros) was of slender build, had 

two horns with largely developed nasals^ and lacked a doison or bony parti¬ 
tion between the nostrils. Like iiruscus it lived in south Europe during 
the Pliocene as well as in the Cromer Forest Bed, 

D. lept^hhius Owen (= if. merckiioi continental winters), the leptorhine or 
narrow -nosed rhinoceros,, was a slender-hunbed bicom species with a partially 
ossified septum. Its descent was po$sibly from Dicer&rkinm eiruscus^^'^ either 
the Pleistocene or the Pliocene fonrii*^^ It was widely distributed in central 
Europe (fig. 14S) and as far north as Graudena and Menthen in north 
Germanyand GrunenthaJ in Schlesw'ig-llolstein^^^ and wandered west- 
w'ards into DenrTUirki®^ (= Z>. kirchbergen^is)^ into the British Isles {South 
Wales, Thames valley, and through the eastern counties to Market Weighton^ 
Yorkshire). It was absent from north Siberia though it occurred in the Altai 
caves. Cerntofkerium replaced it on the Atlantic slope of Morocco. 

A distinct generic type allied to rhinoceros w'as the Elasmotkerium rt^cn- 
Pleistocene Siberia, Russia and the Rhine region, 

Machairodus^ The Pliocene had t%vo species of MackairoduSf namely, 
jW. crenaiidem Weith. of, for example, Val and M. culiidem Cuv. 

whose osteology S. Schaub^^^ the first time fully described from an almost 
complete skeleton from Scuirc (Haute-I^ire) and complementary' parts from 
Val d'Amo* The Pleistocene M* latidens Owen, the European sabre-tooth 
tiger,I was descended from A/, crenatidem^^^ yet differed from it, among 
other w'ays, in the possession of smaller canine teeth. 

M. latidens is relatively rare; it oecui^ in Val d*Amo, AuvergneJ®^ in the 
Pleistocene caves of Low'er Austria and Moravia (J. N. Woldfich^®^ has 
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described a species, A/, moravkus from this area)^ at Mauer and a few other 
places in Germanyin the bottom bed at Abbeville,and occasionally 
in England (Kent's Cavern, Oreston, C res well and Cromer Forest Bed), 
Machntrodiis surv^ived into the lower Pleistocene in China and Korea.^^ 
Cave lion. Maehairodus w^as replaced by other Large Felidae, ITie cave 
lion, considered by Goldfuss and Owen to be specihe^y distinct from Feiis 
i^vas later regarded as a variety of the existing lion,^^ as a northern race 
or races of the recent lion of Africa and west Asia,!®^ or as an extinct lateral 



FlC> 14^-—Map BhdU'inff the dif-tTibytioti in Pleistocene Eytope of Diimi fdish 

line « rwrthem limit). M, Boulc, 23, ^ 


branch descended from the great cats (F. amemmsis) of the Pliocene of 
France and Ttaljr.^^® Some maintain that the remaiiia were more probably 
those of a tiger,»w that they- were distinct from both lion and tiger,2«> or that 
two types are recognisable, one with affinities with Hon, the other with tiger i 
The cave lion was characterised by large size (it was one-third or even one- 
half bigger than the modem lion), a feature it shared with the cave hvaena 
and caw bear, the Pleistocene jaguar of the Patagonian caves 20Z the Pfeictn 
cene panther,^:' the Giant Deer (height, ro ft or c. 3 mi’ander sS' 
la ft or 3'S m). the glutton, marmot, puma and jaguar of North America 
the South Amencan rodente, Bovids in the Pyrenees, giant beavers in both 
Europe and North Amenca, giant kangaroos and wombat-like forms in 
Australia. Madagascar lemurs and the tiger of the cold Altai Mountains 
Lena valley,and the country bordenngthe perpetual snowsinthc Himalayas ^5 
Like this tiger, it was apparentiy not very sensitive to cold j it ranecd uowards 
into the cav« of Wildkirchll (1477 m) and Wildenmanni^loch S mViSd 
was widely distributed m Europe during the cold Mousterian and M^da- 
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)cnian. This tendency of many Pleistocene aniimle to grow to large si^e 
may be a sign that, on account of the cooling which retarded sexual develop^ 
ment, the conditions approximated to a kind of optimum.Mammals and 
birds and some invertebrates in cooler climates are, in accord with Bergmann’s 
nilc 2»7 (1847), to-day larger in body size than the same species in warm 
climatt^, and a simitar change (probably concerned with the temperature 
reguladon of the animal) can be experimentally induced by environmental 
stimuli.^*^ 

M. Boulc^o® has fully discussed the cave lion’s osteology and distribution. 
Occurring in far smaller numbers than the cave bear, it has been traced from 
England (e.g. Kirkby Moorside and especially in the Mendips) across Europe 
to Mark Brandenburg,Austria, Hungary, Odessa, Ural Mountains and 
V’olga region (except at Kiev, it is outside the erratic limit of Russia^H) and 
southwards ^rough France into Spain, North Africa and Phoenicia.2i2 

Other Pleistocene species of Felts are the panther, F. pardus I,, which 
occurs for example in several Engibh localities(e.g. Barnwell, keadon, 
Bandford Hill) and was widespread over Europe^** to Italy in the south and 
Hungary and Transylvania in the north-east—the remains in the Altai bctoTig 
most probably to F. uncia which still lives here; the lyiix,^l 5 ^ which 

is found in many caves in the British Isles from Somerset to Yorkshire, 
Inchnadamph and Kilgreany, and over Belgium and Germany and as far south 
as Cote d’Aaur, Italy, Spain and Portugal 1 and a small lion, F. nobilis Grav. 
of south Bohemia. 

Cave hyaena. The commonest Pleistocene hyaena was, according to 
Hyaena Striata which lived in early Pleistocene time from w'est 
Germany to England and France and later in south Europe and west Asia. 
K. Ehrcnberg.^ia after comparing all available materia], concluded that the 
cave hyaena was the most specialised form and should be given specihe dis^ 
ti notion as //. spelaea Goldf. 

The cave hyaena, like the cave lion, was because of its size considered to 
be an extinct species by the early naturalists, including Goldfuss. Later, 
following the lead of Dawkins,^!!' it was regardedas a northern variety of 
the existing spotted hyaena, Crocuia {Hyaena) crocuta. of Africa south of the 
Sahara. Boule^^l distinguished four Pleistocene species: H, spelaea. 
descended from //, intermedia (= a variety of H. spelaea m E. Harle’s 
opinion If, brumea, and //. striata. Others^^^rccognise also ff. brevirpstris 
Aymard, a descendant of //. robusta. 

The cave hyaena's descent is obscure, though the absence of the family from 
North America proves it to belong to the Old World—true hyaenas are known 
from the lower Pliocene of Greece, Samos, Persia and Tndik. According to 
K. Lydekker ,224 the ancestor of //. croevia inhabited India during the 
Pliocene (Siwalik litlb) and Pleistocene and //, eroatta itself lived there 
during the Pleistocene, e.g. in the Kamul caves, Madras, as well as in central 
Asia and China, and spread westwards into Syria, Palestine and North Africa 
where it has been discovered in Algerian caves. H. crocuta, therefore, was an 
Asian and not an i\frican animal. The jaws at Grays in Essex have been 
said to resemble the Pliocene ancestor more closely than do the later 
varieties,225 Boule^^^ on the other hand traced the cave hyaena to the 
Pliocene ff. perreiri through H. intermedia. The hyaenas of the crocuta 
group became larger during the Pleistocene; the contemporaries of the warm 
rhinoceros w'ere smaller thm those of later times.^^ 
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Cave hyaena roamed from the Altai and China to Gibraltar, Belgium, 
England, Odessa and Palestine228 j with the cave bear to Monaco,229 Tus¬ 
cany 23® and Bergamo and the Crimea 231 j and with the cave lion as far north 
in Europic as Thicde*^^ (N. Harz). 

Cave be^. The Pleistocene bears 233 were very variable—the phylogeny 
of the Tertiary bears ,234 ^.f which the earliest (LVmtJUf) appeared in the Neo¬ 
gene of Wurttemherg,2J5 is outside the scope of this work. During the 
Pleistocene, some of the bears evolved into a form resembling the present 
North American grizzly {Urtus korrii»lis\ and others became the European 
brown bear {U. arctoi) which was directly descended from the Pliocene 
U. QtveratBtis or C/. and though known from the early and middle 

Pleistocene only became abundant in Magdalcnian time .237 Others again by 
reducing the ^terior pre-molais and shortening the tibia and fibula and 
greatly elongating other bones developed into the cave bear, U. speUteta, the 
evolution probably taking place at different times in dlfierent places. The 
fossil beats probably constitute a graded series23«—the young cave bear at 
birth was scarcely bigger than the young brown bear239 and adult cave 
bears, as the many specific names given them testify, varied in size among 
then^lves by about one-thirdC. Harrison24l distinguished 86 
species and subspecies among the brown and grey bears of Pleistocene 
North America. In the unfavourable conditions of late-PIeistocenc time 
the cave bear diminished in size247 (Drachenhdhle, Drachenloch Wiiden- 
mannisloch, Wildkifchli and Mixjiitz). 

The cave bear, which has been reconstructed several timc»,243 jg generally 
deemed to haw evolved from the Pliocene V. orvernenth Croizet.' a forest 
bear closely related to the small U. ttrjisats, through a stage of U. denitigeri 
Reichenau244 (which in Soergel’s opinion was a steppe bear 245) and a stave 
of U. sueisenbomentii,^^ Tins form and the many others which have been 
distinguished, e.g. U. taviui, U. ordoides, U. giganteus and C.^ plmtu may 
have been mtcrmediate between V. arctos and U. spelaetisMf L. RiigerMi 
thought the etnuois-arvernensis forms w'cre possibly a lateral bmneh S 
Maier245* has fully discussed the evolution of the European bears and S H 
Reynol^,^ who monographed the British Pleistocene bears, follows earlier 
wntersiSi m rccognismg the specific distinction of U. spetacus and etouds all 
other British remains as U. arctoi, Ehrenberg 2 S 2 discussed the ontogenetic 
development and denied that the measurements and indices which SoerBcl 253 
worked out can be used for specific determination. ^ 

The cave bear, far more plentiful than the Pleistocene lion, was distributed 
in cavra over Europe south of the ice-sheet254 from England to Odessa and 
north CauoBus (there is none in Siberia) and as far south as central Soain 
soutlicm Italy, the Mediterranean coast at Monaco255 and even Altreria 
rsmge exceeded ^at of any other Pleistocene animal. Though ite mode of 
ife caused It to be extremely rare in the open country of the wide vaUeys and 
fow^ds 256 It spr^d from the Germ^ Mittdgebirge at zoo m and the foot 
of the Alps through an altitude exceeding 2000 m,257 ascending for 
to Drachenhohle ( 1 ^ m). Schnurenloch (,220 m), WildkirlJi 
Wddeiunannisloch (1628 m), la grotte des Dentaux >• 

(1700 m). Kilchli (1810 4 . I&IocrfisTt ml 
(2200 m). Stcigelfadbahn (960 m) and Drachenloch (2445 In) 
w«c favored ^phWly,«. le. i„ .cn.p,„p.„‘cSSiSl, 
freedom from felling stones, spnngs in the neighbourhood, rising flooTSi 
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roominess. The associated animals were zonal ly arranged above i6qo m, 
there occurred chamois, ibeXf and marmot with reindeer; somew'hat lower and 
below 700 m there lived horse, reindeer and ivoolly rhinoceros j and at still lower 
levels there was Merck's rhinoceros. 

The Pleistocene bears of central Europe belong apparently to U. gretos^^ 
whose range then embraced the Urals, Altai and China. 

The Pleistocene bears of North America,u. ameriegnm, U. amph'dens 
and fJ. AorrihiliSt wandered from Eurasia where the bears first appeared in 
the Miocene—Tertiary bears are unknown in North America. 

Beavers, The Pleistocene beavers belonged to the still living Castor Jiber 
and the extinct Trogontherium cuvieri^^ Fischer, a big beaver distinguished 
by the nature of the enamel folds of its molars. It first appeared in the 
Pliocene of Val d’Amo and St. Prest and continued into the interglacial beds 
of Cromer, the Thames terraces, and of Mosbach, Taubach, Mauer and 
Sussenbom. Other species, such as the ContMiQntff [Trogontherium] bais- 
Vfllelt Laugel (said by A. Schreuder^^ to be the beaver of Tegel and of 
France and England), and T, sotrgelt RQger,^®^ arc of uncertain value. 

The Pleistocene beavers were widely distributed south of the ice-sheet^*_ 

the beaver (QiiforjSAer) of north Germany, Denmark, Scandinavia and the 
Baltic provinces of Russia within this region, immigrated postglacially about 
Ancylus time. They occurred in the eastern part of East Anglia and at 
Greenhithc in Kent, as mapped by Schreuder,2» and on the continent of 
Europe in the basins of the S 4 one, Seine, Meuse (Tegelcn) and Rhine (Mos* 
bach, Jochgriin, Mauer, Hochsachsen), in central Bohemia and on the north 
coast of the Sea of Azov.^*^ 

Bovids. The Plei^stocerie Bovids^w of Europe are Bison priscwi and 
the aurochs. Bos prtinigeiiius. Both were widespread. Bison was more 
abundant and was closely related to the upper Pliocene Leptabos^i^ (see 
p. 820). ^ Many zoologists and palaeontologists recognise a large steppe 
bison. Bison pristtis, with slightly out-turned horns, and a woodland bison, 
B. ^Topaeus Owen (= 5 . honasus L.), with shorter and more curved horns, 
which descended from an car lie r form B. scho^tensachs. Bison pfiscits died 
out in the Pleistocene 2^0 but B. etiropaeur continued into Recent time. 

{b) Steppe Mamistolia 

Numerous ^animals, characteristic of or confined to the present steppes of 
Russia and Siberia, had a wider range during the Ice Age; they includ^ the 
jerboa {Allaetaga jaculuj), red suslik iCilellus ru/esrens), fawn-coloured 
sushk (C. fuk-us), bobac (Matmoia botak), tailk-ss hare or pika (Ociiotona 
ptistllsa), hamster {Cncetus vulgaris), saiga antelope {Antelope saiga, Sasga^ 
tatoTKa), steppe elk {Alee latifrons), cuon {Cuon aipinus var. europaeus), 
Equus hemionus and a number of voles {Arvicofa)—the latter, by 
their gradual evolution, are among the most useful leading fossils for'the 
Pleistocene, 27 ! Nehring 272 has fully described the characters and distri¬ 
bution of the steppes and the steppe animals of both the present and the past. 

Ho^e, Pleistocene Europe had a number of w'ild horses which differed 
in their size, appearance and skulls as well as in their distribution. They 
have been the subject of numerous publications,^?^ Dawkins 2 ?^ emphasised 
Cuvier’s view 273 that they were specifically indistinguishable from Equus 
cabiiUus of to-day. This was descended from E. stenoais Cocchi (= E,fossitu 

51—Q.E. II 
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Cave hyaena roamed from the Altai and China to Gibraltar, Belgium,r 
Etightfidp Odessa and Palestine^; with the cave bear to Monaco,Tus- 
cany^^ and Ber^mo and the Crimea^^^; and with the cave lion as far north 
in Europe as Thiede^^z Harz). 

Cave bear. The Pkistocene bearswere very variable—the phylogeny 
of the Tertiary bears,of which the earliest (appeared in the Neo- 
gene of Wumemberg,^^^ is outside the scope of this w'ork. During the 
Pleistocene^ some of the bears evolved into a form resembling the present 
North American grizzly {Urtus horrttilts), and others became the European 
broivn bear which wa$ directly descended from the Pliocene 

V. artmt^tsis or U. iirmeus^^ and though kno^vn from the early and middle 
Pleistocene only became abundant in Magdalcnian time .-37 Others again by 
reducing the anterior prc-molar& and shortening the tibia and fibula and 
greatly elongating other bones developed Into the cave bcar^ U. spelaeus^ the 
evolution probably taking place at diiferent times in different places. The 
fossil bears probably constitute a graded scries—the young cave bear at 
birth was scarcely bigger than the young brown bcar^^ and adult Cave 
bearst as the many specific names given them testi^^ varied in size among 
themselves by about one-third^—H. C. Harrisondistingukhed Sfi 
species and subspecies among the brown and grey bears of Pleistocene 
North America. In the unfavourable conditions of late-Pleistocenc time 
the cave bear diminished in si^e^'^^ (Drachenhdhle, Drachenloeh, Wilden- 
mannisloch, WildkirchU and Mixrutz). 

The cave hear^ which has been reconstructed several tims,^^ is generally 
deemed to have evolved from the Pliocene LL arvernensis Croizet, a forest 
bear closely related to the small f/. itrusais^ through a stage of U. deningm 
Reichenati (which in SoergePs opinion a steppe bear^"^^) and a stage 
of L\ sy^ss^nbomimis,^ This form and the many others which have been 
distinguished, e.g, U, savini^ U, arcioides^ t/. gigantetis and U. planus^ may 
have been Intermediate between 17 . itMas and U. L. Riiger^^ 

thought the eiruseus-arvern^ttsis forms were possibly a lateral branch. S. 
Maier^'^^ has fully discussed the evolution of the European bears and S. Hh 
R eynolds,^ who monographed the British Pleistocene bears, follows earlier 
writers in recognising the specific distinction of E 7 . ^peheus and groups all 
other British remains as U. Ehrenberg^^ discussed the ontogenetic 

development and denied that the measurements and indices which Soergel^J^t 
worked out can be used for specific determination. 

The cave bear, far more plentiful than the Pleistocene lion, was distributed 
in caves over Europe south of the ice-sheet ^54 from England to Odessa and 
north Caucasus (there is none in Siberia) and as far south as central Spain, 
southern Italy, the Mediterranean coast at Monaco^^ and even Algeria. Its 
range exceeded that of any other Pleistocene animal. Though its mode of 
life caused it to be extremely rare in the open country of the wide valleys and 
lowlands, it spread from the German Mittelgebitge at 200 m and the foot 
of the Alps through an altitude exceeding 2000 m,^^ ascending for example 
to Drachcnhdhle (1000 m), Schnurcnloch (1220 m), WildkirchU (1477 m), 
Wildenmannisloch (1628 m), la grotte des Dentaux (16S0 m), Furgelfir^ 
(1700 m), Kilchli (1810 m), Ranggiloch (1845 m), Schreibenvandhohle 
(2200 m), Steigelfadbahn (960 m) and Drachenloch (2445 m). Its caves 
were favoured topographically,i.e. in temperature conditions, dryness, 
freedom from falling stones, springs in the neighbourhood, rising floors and 


STEPPE viammslia: horse sot 

roonuness. The assMiated aiiiitials were zonal ly arrangetl : above 1600 tn, 
there occurred ehamoUf ibex, and nriarmot with reindeer^ somewhat lower and 
below '^oo in there lived horse, reindeer and woolly rhinoceros jand at still low er 
levels there was Merck’s rhinoceros. 

The PleisToccfie bears of central Europe belong apparently to arctos*"^ 
whose range then embraced the Urals, Altai and China. 

The Pleistocene bear? of North AmeHca,^*^ V. amerkanm, ampltd^ns 
and U. hofribilit, wandered from Eurasia where the bears^ first appeared in 
the Miocene—Tertiary bears ate unknown in North America, 

Beavers, The Pleistocene beavers belonged to the still living^Cortor jTAer 
and the extinct Ti'ogo7ilJi^iiim Fischer, a big beaver distinguished 

by the nature of the enamel folds of its molars. It first appeared ’ft 
Pliocene of Val d'Amo and St, Prest and continued into the interglacial beds 
of Cromer, the Thames terraces, and of Mosbach, Taubach, Maucr and 
Siissenborn. Other species, such aa the Co/io<ioBr« [Tri^iitttkertum] 
viileti Laugcl (said by A. Schrduder^**^ to be the beaver of Ttgcl and of 
Fnince and England), and T. soergeli Ruger,^'*’* are of uncertain value. 

The Pleistocene beavers were widely distributed south of the ice-sheet 
the beaver (Cart or fiber) of north Germany, Denmark, Scandinavia and the 
Baltic provinces of Russia within this region, immigrated postglacially about 
Ancylus time. They occurred in the eastern part of East Anglia and at 
Grecnhithe in Kent, as mapped by Schreudcr, 2 ^ and on the continent of 
Europe in the basins of the Slone, Seine, Meuse (Tegelen) and Rhine (Mos¬ 
bach, Jochgrim, Maucr, Hochsachsen), in central Bohemia and on the north 
coast of the Sea of 

Bovids. The Pleistocene Bovids^* of Europe arc prifcus and 

the aurochs, Bos priinsge?ttns. Both were widespread. Bison was more 
abundant and was closely related to the upper Pliocene Leptobos^^ (see 
p. 820), Many jsoologlsts and palaeontologists recognise a large steppe 
bison. Bison prisois, with slightly out-turned horns, and a woodland bison, 
B. turopaeus Owen B. bonanu L.), w'ith shorter and more curved hoi™, 
which descended from an earlier form B. Bison priscus died 

out in the Pleistocenebut B. europaeus continued into Recent time. 

(h) Steppe Mammatia 

Numerous animals, characteristic of or confined to the present steppes of 
Russia and Siberia, had a wider range during the Ice .Age ^ they included the 
jerboa {ABactaga jaeniits), red suslik {Citeilus ™/ejf«ts), fawn-coloured 
suslik (C. fulvtts), bobac {Marmota SoiaA), tailless hare or pika {Otiiotona 
pusiHus), hamster {Cnceius vuigam), saiga antelope {Antelope saiga. Saiga- 
tatarira), steppe elk [Alee latifrons), cuon (Choa alpinus var. europaeus), 
horses, e.g, Bqutis hemiontis and a number of voles {Arvicak )—the latter, by 
their gradual evolution, arc among the most useful leading fossils for the 
Pleistocene.^''’ Nehring^"'^ has fully described the characters and distri¬ 
bution of the steppes and the steppe animals of both the present and the past. 

Horse. Pleistocene Europe had a number of ivild horses which differed 
in their size, appearance and skulls as well as in their distribution. They 
have been the subject of numerous publications.^^^ Eiawki ns emphasised 
Cuvier’s view^''^ that they were specifically indistin^ishable from Equus 
cabalttis of to-day. This was descended from E. stenonis Cocchi (= E. fossilis 
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Owen), a speck's (probably a developmental serieswidely distributed over 
Pliooene Europe and North Africa, through transition forms such as 
Tobusiui of the Auvergne and others in the Cromer Forest Bed, at Solilhac 
and at Sussenbom; it had become the present-day horse in the CheUean beds 
of North France,^^® Ne\'ertheless, several Pleistocene species have been 
created (cf. Boule’s list 3 ^^) which rest on insufficient fossil evidence and 
ignore the wide variations showTi by modern horses. O. Antonins,^ for 
example, recognised (a) E. prsetsabki PoL (= fJ./erur, Pall), a wild Asian 
horse, the Solutrean horse; E. germanicuit Nehr.; E. Koidfic}ti Ant. * (A) E, 
gmeEni Ant.; (c) E. aheti \j\l. evolved from E. sussettbotneasis, apparently the 
last European member of the E. robustut Lineage, W, v. Reichenau^*! 
distin^ished five subgenera: (a) the ^ebm horses, Hippotragus vvith E, 
iffwoflii, H. sUssetihorwitiiis (intermediate between E. sienonii and E, germam- 
cus) and H. altidens\ (fr) Eohippm, e.g, E. iteittheinteiisis\ (c) Eqttus s. str. e.g, 
£. mosbachemis, E, tejubschensis, E. jferwttrmrwf; (d) Mkrohippus^ e,g, Prsesai- 
ski fitssilis ', and (f) v^«hhj— the Pleistocene asses of Europe have been 
separately Tnonographed^i; E. {Aiintts) hydruntimn occurred at \'al d’.^rno 
and spread in Pleistocene time over most of west Europc.^^ 

E. Schw'arz^®^ divided the Pleistocene horses, according to their size, into: 
(o) E. cabaltus aihallus^ a small upper Pleistocene (Aurignacian, Solutrean 
and Magdalcni^) to Recent form E. cabaiim celticui Ewart; E, robmtus 
Ewart; E. graaik Eivart — the "species" are probably varieties adapted to 
food supply and environment); (6) E. tahaUns pladdctts Owen of the middle 
PJeisto«ne (=; E. fosiitis minor Woldf.; E. taubachensis Freud.; E. icoidfkhi 
Ant.; E. steinimmejisis Reich.); (c) E. <abaUtis robustui Pome], a large Pliocene 
form from Red Crag and Cromer Forest Bed (= E. sussenbemensis, E. 
mosbackrsish, Reich., £. aitideiis Reich.); and (d) E. caboUus prsewahki PoV 
An E, ircamivankus has been distinguished in Rumania.^s^ Several tvpes 
were identified from cave draw'ings,^*^ 

The main centre of dispersal of the horse lias been North America, 
'I'hence they wandered into Europe over Asia and into South America w-Kich 
had several Pleistocene species.^®^ 


Europe had no Pleistocene zebra: the identification of certain Magdalenian 
paintings with this animal is apparently erroneous.^^® A perfectly preserv'ed 
skull at Steinheim an der Murr in Wurttemberg proves for the first time the 
existence of a buffalo {Bitffeius ntunensis) In Pleistocene Europe.^®’ 


Other animals, I'he mammoth and woolly rhinoceros (see beloiv) have 
been claimed as denizens of the steppes.^^ 11. Hilzhcimer^^I concluded 
from the nature of the food found in the Galician carcases of Tkhorhhtus 
antigaisatis and the build of its mouth that this animal lived in swamp woods 
or park lands. The food remains i n a tooth in the Eem beds of the Kiel Canal 
led to an expression of tiiis view for Z>i'fe™ leptorhittus^}^ 

Among ffie Canidac,^'^^ the oldest Pleistocene form is C,mis fieschsrsensh 
of Mosbach and Mauer and of the upper Pliocene of France. Of the same 
age or even older are C&nis iupus and Vvlpei vulpes, e.e. in the Red Crav nf 
England and the St. Prestian of France, In central Europe the earh^t 
appearances were later, vix. the Taubach travertine and the middle Palaeolithic 
of Krapina, 

Pleistocene range. 'I'he Rus,dan and Siberian steppe animals ranged 
over most of Asia and into Europe=^>* (see pp. 527, The Saiga ante- 
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lopCp for ejcample, now restricted in Asia to &oiith of 52* N., spread as far as 
73® and even into Alaska.It has occasionally been discovered in 
Geimany^ Poland^ Bohemia, Hungary^ Belgium, England-®^ (Twickenham 
and Lang\^ith Cave), Denmark,arid more plentifully in south-west 
FrancCj^^ e.g. in the Dordogne and sub-Pyrenees, Ochotona pusillus roamed 
into Germany,^ into Alonavb, Hungary and Poland and into the 
Magdalenian caves of the Dordogne. Cuon alpinus, var. the \^ild 

dog now confined to central and eastern .^ia—other species are C. dubuh 
si£htem\ C.priscu^j C, alpinus —spread into Moravia and to Cotencher, Ari^ge, 
Sardinia, north Spain^ Monaco and Italy .^03 'fhe latter had a number of 
steppe birds though the elLmate generally was that of present Britanny^ 
{cL p. 655). 


(c) Tmidm Mammalia 

The distinction beuveen tundra and steppe animals is not always easy to 
maintain^ Osborn'sEurasian group* for ejcamplcj comprised animak 
with hypsodont teeth> of temperate meadows, e.g. Bison* unas, shrew, 
hamster and field vole, and forest animals with brachydont teeth, e.g. Cervus^ 
Sus scro/a^ Cert^as capreoltts^ Aice laft/rQnSt Feh's etc., and the extinct 
Alegiiceroi gigmtemj Utsui ipitaeiis and Tr&gontheruim, Nevertheless it is 
agreed that the tundra claimed the still-living Rungifer t<^rand^is^ (hnbos 
mo^chaim^ Guti> lustu^, Alopex higopus, f^m variainlis, Mi^rotuS nivalis^ AF, 
raiikept, Dfcroslonyx iorqmtus, Lemttnts lemmus, AFusteh^ and the extinct 
Ekpbsi primigenhis^ TickoFfiinus aHtiquitatis and ^ possibly, Megacents gigant^. 

Reindeer^ The reindeer,which lives on grass and willow shoots in 
summer and on lichens and moss in Avintcr^ is dispersed to-day from the 
northern edge of the temperate forest (Sweden, 6x® N.; Norway, 60” N. 1 Russia, 
56* N.) to the Arctic Ocean in Europe and Americaand to Greenland and 
Spitsbergen.^® Since it varies widely in siste, colour, antler shape, etc., 
different **races” of “species^'' have been established. A. Jacobi^ 
recognised R€Wgifer tarandm of Eurasia and R. artiicus of North America^ 
R, Lydekkcr, 3 io basing his conclusions upon the antlers, distinguished no 
less than six races; a Seandinavian Cervm taraftdus^ a Spitsbergen C, tiirandus 
spdshergensis (this is a dwarfed form on the outer limits of the habitat a 
Newfoundland C. taruftdiis terras novae^ a Greenland C. tarandus groen- 
latidieuSf the caribou C. tarandus aretictis and the w^oodland caribou 1 C, 
tarandus rariboiL These are all specifically identical with C, tnrandus^^^ as are, 
according £0 T+ Kormos*^^^ the species Rangtfer granti^ R. pearyi and R. 
osbomi created by Allen \vho also distinguished a further species /?. stonei 
in the Kenai Peninsula of Alaska.^^^ A new species, R. consiantini, has also 
been created,^^* Most writers agree in recognising a "^barren ground” or 
tundra group in w^hich the antlers arc large, rounded and slender and the 
beam and tines arc only slightly palmated^ and a "vvoodland” group with 
comparatively small horns* thicker and flatter* the beam and tines being more 
palmated (fig. 149). 

The reindeer of the Pleistocene w^as the tundra and not the forest fonUj as 

E. Iwartet, A. Gaudry and M. Boule showed for France VV^. Dames» 

F. WahnschafFe, A. Jentzsch and K+ Gripp for north Germany and 
M. Degerbol for Denmark Scharff*^ who used cranial character for 
diagnosis^ thought most European reindeer belonged to the Siberian form 
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and that the Americaji tj^pcs were mainly^ represented in ScancUna^na and 
Ireland. The reindeer of the Pre-boreal Meiendorf (see p. 880) apparently 
/?, sr£ticus^^^^ 

The reindeer's immediate ancestor is unknown since the earliest remains 
are indistinguishable from the present forms. 

The reindeer roamed widely and in enorrnoua numbers during the Pleisto^ 
cene.^^ It ranged from Scania 3^3 —only three have been noted from central 
Scandinavia (Tenmiltt Edared and island of Oland)—southwards to 
Garonne ^24 ^nd Santander and the Picos de Enropa in Spain^^^ to Bayonne, 
Narbonne and the Mediterranean coastat Grimaldi and Monaco (Auri- 
gnacian) and to central Italy^ becoming rare in Galicia but spreading 
through the Moravian Gate to Moravia and the neighbourhood of Trieste 
and of Laibachp to the northern bank of the Danube and into Transylvaniap 
over Russia to the Black Sea and Sea of Azov and to 57® N. in Siberia ^ 29 —j| 
did not reach China. 

In North America^^^ it extended in places to the 42nd parallel (fig. 1 Jo)- 




Fro. f+g.—^Rcindcer intlcis. (o) RiMngif£r fitraftdfu L.* (6) RanffiJeF 
Qififfl™ AJlcn, (c) Rangijfr caribou Gm. O. Tjchumip 
P- T07, 

Ake makhis^ the Moose Deer of Canada, and the Elk of Norway^ had no repre¬ 
sentatives in Pleistocene Britain.^^^ Cerrar flephas had a wide distribution 

Musk ox. The ontogenic and other varieties of the living musk ox or 
sheep have been described by Allen who thought the musk ok* 
ttdirdip of Ellesmere Land, Grinnci] Land and Greenland was specifically 
distinct from the O* mo^cha^ of the mainland that formerly roamed west¬ 
wards into Alaska.^^ With Jakobi^^^She assigned the Eur^ian remains to 
O. palkiniis Smith. 

R. Kow'arzik, who has studied the living musk ox,^^ referred the fossils 
on the basis of their skulls ^ 3 ^ to a w estem group, O. moscfmtm mackefinijmus 
Kow. which evolved after maximum glaciation from an eastern groupp O. 
fossilis. While the former retreated over Europe, Russia and the Bering 
Strait into North America, the other became rare and extinct (= O pruem 
Rutimeyer and of W. Staudinger^^S). It was restricted to four ins^ce^a 
only, viz. Cromer Forest Bed, Upper Silesia, Cracow and Frantenhausen 
Kowarzik's conclusions, however, are apparently unjustified; his diagnostic 
c riteri a are minor osteologicd characters and sex differences, 339 j ^ 340 
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assigned both living and Pleistocene musk ox to two subspecies, O, moschalus 
tnosihatut and O. ttiosihatus wardi. Praeovibos is confined to the lower 
Pleistocene {see p. Si9): Tertiary ancestors are unknownx 
The musk ox, the most arctic of all living herbivores, is found in Ellesmere 
Land, in north and cast Greenland, and bet^s'een 60* and 83’ N. in Xorth 
America. 3^1 During the Glacial period its distribution was circumpolar. 

It not only migrated to Kentucky and Virginia arid the middle latitudes in 
North America(fig. 150)—one complete carcase was found in Eschscholtz 
Bay—but it lived in Siberiaas far south as 57' 47' N, in the Lena valley-^ 
it may have survived in Mongolia up to c. 2000 years ago. 3^5 ranged in 
Europe^ from Schleswig-Holstein and Konigswusterhausen and Oderberg 
in Mark Brandenburg and West Prussia through south Germany,wii 
Upper Silesia,Poland, Transylvania, Moravia, Austria, Hungary and east 
Karawanken ,550 the Swiss Plain (of, list 551 ) and Jugoslavia.^i^ It also 
expanded through Belgium 5!3 to the Pj-renees and the Dordogne 53 ^ (oc- 
easionally depicted in palaeolithic can ings^ss)^ the most southerly occurrence 
in Europe being at Perigord in 45* N. In England, 55 S it has been discovered 
in the Cromer Forest Bed, at Maidenhead—the first European localitv where 
the remains were identified—and at Bromley, Freshford, Barn wood Fiaher- 
ton, Crayford, Enlh, Trimingham, Frampton, Leeds, Ightham, as w'dl as on 
the Dogger Bank. 


Kowarzik s list of Si localities for central Europe and ,\sia, compiled in 
1912,55^ hK been supplemented by himself 55 * and for central Europe by E 
Stromcr. 5 S 9 \\, &oergeP« compiled a complete list of 95 localities in 194^; 
of which 85 % were situated m the glacial or periglacial zone, ^ 


Glutton. The glutton or wolverine lives to-day in North America in 
re^ons inhabited by remdeer, musk ox and elk, in North Siberia, and on the 
fjdd of Norway, ^vedtn and Lapland, During glacial times it roamed 
wi^ly over central Europe^^i into Poland, Transylvania 5^2 and Jugoslavd™^ 
to Denma^_and north Germanyand as far south as Grimaldi and Arii.-HC 
m f ^ce (palae^thic man portrayed it in the cave of Lorthet, PyTcneS) 

T. and the Ligurian coast.^^^ It wandered with musk ox 

mto Italyifis^d westw-ar^ into Belgium and the Cromer Forest and 

into several British caves 57 ® Barnwell, Dleadon Gower Pbs i- ” 

well, Kent’s Cavern). T. Knrmos^vi U held l^tX S in X Pr 
For«t Bed and other “preglacid" localities could not S 
G, lusetii but a separate, ancestral species C. schhsseri, n. sp. ^ 

Mammoth. The mammoth, whose historv' and f „ 

described by Osborn,was named from the'Tartar 'i 

dweller " because the ariimal occurs in the frozen groun/of Sitiri" thfnr^^ 
was introduced mto scientific use as Mummut hv ^ "^frie 

pJlici„d by Cvicrm i„,„ “?,i 

(prefcriibly or. becuK of it, cul^ tusks 

the beast of the two circles 5 T 6 ([.f_ ■ . , > • ^O^lat/teriiim, 

Qiiatemarj' animals, our knowledge beinc derived '^Jttmet 

(sometimes complete, as at Boma near Irfipzie'i from skeletons 

and engravings.^tr from carcases in SiSXXds 

Galicia^TS or frozen in Alaska 579 and Siberia feven M 

exainined 5 M). These carcases, when newly exposed 

wolvss, foxsnd dog. or sr«u«,d ssbsi. by tbs nsti™ i„Ut.i„gTh“rfeto|L’: 
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ITierc are records of 37 accidental discoveries of the mammoth mth its soft 
parts presented (%* 151), induditig the first one described by Pp S. Palks 
in 1771, Only four carcases were in good condition; these were “Adam’s 
mammoth'’ of the Lena delta (i8o6)p “ Herz^s mammoth*' of the Beresovsk 
River {1899), ^VStenbock-Fermor's mammoth” of Great Lyakhov Island 
(1906). and “ Vollosovitch*s mammoth** of Sanga-Yurakh River (1907). 



Fm. 151,—D tflttibution t>f known carauta cf the fnfLfiunoth and TtLbioccrta in Siberu^ 

F. W. Ffiscumaj^cf^ Nai. 67* 1937+ p. 

, + Biresowkfl Expedition, igai + 

^ ^ ^ --- — £:cp<diibn, 190^. 

A Mutunoih. A Woolly rhinDccma. 

[. Momnioch oif Jubnind Idn^ 1707. 

Z, HhifioceTos (head) oFPoJIas from the Vilui, 1771, 
j. Mammoth of Sarj'tschew, T7&7. 

4. Mflmmoih of Adam^p 1799. 

5. Mfiimiinth of TfOfijflOw, iSj9. 

6+ MimimDlii of Roschin, [^39^ 

7, Manimoth of Middcndorf, 1S43; cf. N. PoIuioBp E. ^ f?, 6, 195^, *55. 
g. MutimoiK from the San^durichi^ 1^44. 

9. WooUy ihinoceim froon the Viloi, 185S. 

MBoimath of Dr. Gohibcw, 1S6Q4 

11, Mpmmoth of Schmidt, 1864, 

12. Marrtnaoth of MaydeKI from Kow^chetschji, [869. 

MjimmDlh of MaydeU from Schendrori, 

14. Woolly rhinoccroa of Tachcrslci, ^ 57 f- 

15. Woolly rhwioccioa (hoad> of Schren<i from HytontBi, 1877- 

16. Mammoth of Bunge, 1S84. 

ty. Mantmoth of Toll from Gr^t L^-^khov T&kiid^ 1S85. 

18. Mammoth of Toll from tho river T^chendon, 1886. 

19. Maminoth of Burimowitch, 1887. 

30 . Mammoth of Bmane«' of the New Siberien Islands, 1903. 

3 J. Alernmolh of WollCdOwiLch from Kotelniyi IslBiid, [910. 
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From these sources U is possible to reconstruct not merely the osteology 
but the whole animal .381 The cover of hair^®^ varied according to the season 
but was generally black or dark rusty brown, and composed of an outer coat 
of long coarse bair with a dense underfur and an epidermis identicaJ with that 
of the modem elephant. Under the exceptionally thick skin was a layer of 
fat 9 cm thick. The hai ry cover was a protection from the cold as Playfair 
and later writers surmised, a conclusion borne out, according to Owen,^®* by 
the structure and Covering of the extremely complex teeth (see p, 793)* 
' These, together with the peculiar tusks (early regarded as curved out^s-ards 
but shown by E. W, Pfissenmayr and others to have varied a great deal ^8“^ 
and often to have curved spir^y inwards in a great w'heel-like circle} and 
four-toed feet (instead of five found in other elephants), with phalanx 
formula0.2.3.2.2, are expressions of extreme specialisation and adaptations 
to marshy pasturages.^^^ 

The head was large and high and separated behind by a depression from a 
dorsal hump from which the binder part fell away rapidly. The tail was 
short (c, 35 cm) and ended in a large lassie of bristly hair.^!*® The proboscis 
resembled that of the modem elephant but had a hea^T cover and bore two 
lips, represented in European cave-drawings and seen in one frozen Siberian 
specimen. Its greater width and length was an adaptation tow'ards the 
efficient plucking of large bunches of grass or moss.^^^ 

The animal was more lighdy built and probably more active than other 
elephants—possibly one cause of its longer survival. It was also small as 
comparative heights at the shoulder ahow^^'^; Elep/tas njitiqiiiis, 4-I-3-S m; 
E. meridiotialis, 3-6 m (= 4 2 m, Falconer- 5 m, Abel); E. tTtigoFttherii, 4 0- 
4*5 m; £. ajneanus, 3*4 m; E. indicia, 27-3-2 m; E. primigenius, 3'2-3-9 ™ 
(skeleton, 2-9-37 "i)- particularly small where the conditions were 

most unfavourable, as in Europe, e.g. about fioden See, near Weimar 
pd in Rhenish Westphalia during the last gladation^^ and (though seem¬ 
ingly dtvarf mammoths were oontemporarics of the ordinary mammoth as 

early as latc-Aurignacian in east Europe^*^} in North Siberia _the 

Beresovsk mammoth was only 2 -8 m high.^ 5 « This species, the E. beresovkius 
of O. P. Hay^''^ and E. primigenius sibericus of Depirct and Mayct.^^^* was 
distinguished by its smaller skeleton and tusks,^’!* fcatuns corresponding 
with its systematic position as the youngest member of the fossil elephant 
group. 

That the mammoth was a cold animal is shown by its hair and fat (1-9 cm 
tbick), the histological structure of its skin and the absence of sweat glands,^ 
by the heavy rims around its hoofs (an adaptation to tundra marst^'Wi)’ its 
small tail and eara,'Wi the rapidly sloped hind quarters adapted to nortlwrn 
blizzards,^t *3 the fat humps in the swollen forehead and in the back (pro¬ 
vision for periods of hunger), as seen in palaeolithic drawings and carcasea,*”^ 
and by its definite association with an arctic flora .405 e.g. in Holland, at Boraa 
in Saxony, near Freiburg-im-Ilr., in the Black Forest, near Halle, and at 
Starunia in Poland. Yet in the PetershohIe'«» in south Germany, at the time 
of the formation of the Weimar tufas, mammoth was associated with woolly 
rhinoceros and reindeer and with Fe^us syhatica, Taxm baccata, PiniL 
^•Ivestris, Piets txetha and Abies siba, i,e. the forest flora of the present 
German Mittelgebirge. The great length and curvature of the tusks were 
clearly unsuited to life in arctic forests.'W’ The animal lived on the north¬ 
ern grasses, obtaining in summer a good food supply, its Urge reservoirs of 
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fat being drawn upon during the winter seasoriia to eke out the meagre 
v^etalion. 

The mammoth w^andeted in herda like the modem elephaxit and spread 
widely through the middle latitudes of the northern hemisphere.'*®^ It was 
widespread in Siberia (see p. 648) and extended to Sakhalin^ and as far 
south as 43.'" N. in Majichuria'*^® (with TkhQThinm mtiquiiatis)^ and to the 
northern shor® of the Caspian Sea an d south of the Black Sea into Anatolia^ ^ * 
and Armenia and to Tarsus in the Mediterranean (fig, 153^), It was 
dispersed over south Russiato the region of the Crimea and Caucasus - 
(with other arctic animals, including reindeer^ arctic fox, arctic hare and 
glutton), and as far north as the \Vbite Sea, the Petschor^ basin, into the 
great valleys of central Europe, e.g. the Rhine,. Danube, Theiss and Dniester, 
over the liungarian plain, and into Jugoslavia, Rumania (with woolly rhino¬ 
ceros, Giant Deer and reindeer) and Bulgaria,"^^^ ft roamed with other arctic 
animals into Bohemiaand over the Swiss Plain (over 100 localities) to the 
mouths of the Alpine valleyand cv^en into them, as near Innsbruck."* 
Crossing the Seine and Somme and other French rivers into Haute- 
Garonne^-® and north Spain, as at Santander and Gerona, it invaded Italy 
for example, the Plain of LombardTuscany, Otranto, and near Caserta, 
but not Calabria or Sicily,'*^ It has been found in many localities in 

Denmark.423 

The mammoth was numerous in the gravels and t^ves of southern England 
and Wales 424 gjid extended into central Scotland 423 (Dreghom, Clifton HaU, 
Ayton, Kilmaurs, Chapelhalh BUhopbriggj (with Baillieston 

and Headsw'ood) and Ireland^27 (Co. Antrim, Co. Cav'an, Co. Waterford, and 
Co. Cork) and has been dredged from the floor of the North Sea (see p, 1 330), 
Irish Sea (Holyhead Harbour), and Galway Bay in western Ireland. 

It has been recorded from South America (see p. 1238) and in the Vaal 
valley of South Africa with palaeolithic implements 428 (^MammutktiS truns- 
Tital^nsis and shtppardi )—this more probably belongs to the family of 

Elephas It was also common in the middle latitudes of North 

America*^ (fig. 150, p. 805) and in Alaska and the Yukon Tcrritory43l - 
tusk has been found in Banks Island off north Canada ,432 

The mammoth consisted of rtvo typeSj 433 the ** normar^ or “ ancient type ” 
and the "Siberian” or **recent type” primigenius sjberiais de Blainv.), 
dbtinguished among other w-a-ys (see above) by its more numerous lamellae 
and thinner and more continuous enamel. This either descended from the 
normal tj'pe, as is generally believed, or evolved independently in north 
AsiaA34 It vvas especially characteristic of the Magdalenlan. Others 435 
have contended that the division into two types is unwarranted, the siherkus 
forms having neither racial nor chronological value. 

Woolly rhinoceros. The woolly (or better, hairy) rhinoceros, Tkho^ 
rhinu^ antiquilatk Blum, has, like the mammoth, been reconstructed 
from skeletons, from palaeolithic drawinp, e.g. that of Font-de-GaamCp 437 
and, less commonly than in the case of its contemporary, from carcass 
(probably because it preferred solitude to roaming in herds^^S), These 
occur both in the frozen ground of Siberia,'*^^ e.g. "Pallas's rhinoceros” 
(1771) of the Vilui River, and "Gorokhov's rhinoceros” of the Khalbupi 
Creek (1S7S) or (two carcases) preserved by petroleum and salt-water with 
molluscs^ insects and mammoth at Starunia .-*40 

The hair w^as thick and reddi$h-bro^vn‘* 4 i and covered a foldless skin. 
































































TUNDHA mammalia: great IRISH DEER 8l 1 

The animal was stout limbed and massive, and had a complete osseous nasal 
septum to support the two short horns Crti long) which used to 
search for food, especially in winter — the horns were not bony but merely 
hardened clusters of hair. Like the mammoth (see above), it probably had 
a **fat hump” provided with reserve food.**^^ The tuft at the extremity of 
the tail of the Starunia specimen was used to swat flies and other insects. 

This rhinoceroSp which seems to have lived nearer the ice than did the 
mammoth,^"*^ and, judging by its skull form, to have fed on tundra and 
similar low-growingv^Cgetation,^ ranged widely over north Asia to the arctic 
shores and the Bering Sea, and into north Manchuria,^^ Mongolia and north 
China as far as the zoological frontier of the mountains south of the Yellow 
River.^ It likcwi$e spread to the Caspian Sea and in Europe to Rumania^^ 
(it is absent from the Balkans), Jerseyand to Britain in the west, to 
Liibeck in north Gennany,^^ and over the Swiss Plain^^^ (13 localities) to 
the Alps and Pyreneeii. Its southernmost outposts were in Cataloniaand 
Italy,'*^^ e.g. near Rome and in Otranto. 

Great Irish deer. Al^aceros gi^anteu^ (= M. hihmiicus Owen), which 
was characterised by its large size, heavy build and large, more or less 
palmatcd anticra„ wag probably descended from the ancestral Fallow Deer of 
the upper PlioceneCert-occurred in the oldest Pleistocene, 
C. giganteiis sussenbomenm in the low'er Pleistocene and C. giganteus attie- 
reden^ in thy middle Pleistocene* Its extreme v-ariability has led continental 
authorities to found a number of races or species. Five subspecies have been 
distinguished'^^ C. gigafitens lypiciis (= C. hibeTni€tii)t C* rujffi (— 
gennanirui)^ C* fta/we, C. belgrandi and C. ^armtum (of the Cromer Forest 
Bed), the systematic value of which is unccrtain."^S6 Soergel,"*^^ w'ho sketched 
the development of the Giant Deer, created a new" subspecies, C. mego^reros 
mosbaeftiertsis, and recognised C. ft!£ga£^m vertitorms^ C. megaeerosgermanicus 
and C. mega^eros hibitrmtus. 

The Giant Deer, with antlers 3-5 m across, was especially abundant in 
Ireland"*^^ (e.g. plain of Limerick, near Tuam^ Lough Derg shore, XilloAven, 
Co. Waterford, and Ballybetagh Bog, Co. Dublin) but was found elsewhere in 
the British Isles^^^ and over most of Europe^^ including Italy (it was plenti¬ 
ful in the Po PlainGermany (the remains are said to belong to C- 
gmn^fiicm^^) and south France. It also extended to the Caucasus, the 
Urals and the Altai caves.'^^ 

Arctic rodents^ 'Phe minor arctic species, such as Lepus vartabilis^^ 
(arctic hare). Litmus lemmus (Norwegian lemming), jyi^osl&nyx tQrquatus 
(snow lemming) — the tw"o lemmings have probably a common ancestor — 
ArL^kobi ratikeps (northern vole) and Atopex lagopus (arctic fox), were 
formerly much more widely distributed, E. Bayer"**^ has listed and mapped 
the European localities of, among other animals, the lemmings, arctic fox and 
hears. The importance and distribution of the rodents were discussed by 
Nehring,***^ The lemmings in pardcular migrated far over central and 
western Europe (see p. 1037) to Denmark,^ Hungary,'^ Dordogne,^^^ 
Portugal,^^^ north England (Erewash valley, Lang\«th Cave, Warton Crag, 
Cres well Caves, Dog Holes Cave, Ightham fissures), I reland (Kesh, Eden- 
vale, Castlepook, Lough Gur, Kilgreany) andto Jersey (St. Brelade Cave), and 
Edinburgh‘S^"* and Inchnadamph (p, ioii)k They were often accompanied 
by pika or tailless hare, a close ally of which inhabits the Volga district, Ural 
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MountAln$ and Siberia as far as the Rher Ob. It has been foimd in 
about ij German and 3 Belgian caves of Magdalenian age and in several 
British caveSp^^S 

The distribution of the arctic fox^ Alo^x hgopus^ ivas practically that 
of the reindeer (see above). Now restricted to the north circumpolar 
region, its Pleistocene range was over north Germany and central Europe 
into Moravia^^® and to Kiev and the Crimea in and as far west ^ 



Fig. Distribution of arttie f^ m Europe tohdiy {ht^ doa) wnd durine tbc GbdaJ 
period (finftll tloa). M. Botilc, 173, p. %. 13, 


liii: 


Englmd^™ (Crcswell, Fisherton, Ightham and Walton) and Ireland^v? 
(Ballinamintra, Donerailt, Kilgreany) and as far south as the Pvreni^ 4*0 
Monaco and Switzerland (fig. 153). J j 

t. —widespread: It was abundant, for example in 
Britain^»J—^/hiff turopaeus U or eiaapatui I., var. €^tkm Hinton'’^ is a 
more recent introduction. 


(d) Alpine Mammalia 

The Alpine mami^U, Capra ibes (ibex), Rupkapra mpricapra (chamois) 
Arvtcola tttvalis (Alpine vole) and Marmota marmota (Alpine marmot) came 
down from their present reatHcted habitats to the surrounding plains Thev 
arc represented, for example, in Magdalenian drawings and sculptures in 
South France and Spain^ ^ 

The ibex, or mountain goat, divisible into more than one species ^5 but of 
uncertain ongin, spread far from the .Alps (C. ife*) and Pyrenees (C. pyrenaka) 
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into France (Lcs Eygics^ Laugcric-Basse, Bruniqoel, Aurcman, Eiittany, etc.) 
and Belgiumto the middle Rhine and Thuringiap^®^ Bohemia,"*®^ Jugo- 
slavbp'*^^ and to Santander,^ BurgoSp^^l GibraltaT,^®^ Mcinaoo,'*^^ 
and south (fig, 154)^ 

The chamois,"*^ which as L. Riitimeyer showed was subdivided in the 
Pleistocene into a Pyrenean and (m Alpine race (Grimaldi had a mixed type^^) 
and^ Uke the ibeXp may have descended from some unknown Asian an¬ 
cestors,^®^ extended over much of Europe'^®® (fig. 155)1 ^ plains at 

the foot of the Pyrenees,^ on both north and south, e.g, at Santander and 



Fig. 154.—R4nge of ibex 10 Exit&pt during the Plebtocene (dotted) &nd the present day {m 
blacli). M. Boulep 77tp ajOp fig. 


Grimaldi, to Gihmltafp^^ and over much of south France ^02 and as far north 
as Dinantp Namur and Saalfeldp to Poland (e,g+ Ma^sycka.) and Odem on the 
east andp with the ibex, to Wildkirchli,^^ MixnitZp^ south-west Germany 
and into the Vosges and Italy (e.g. Elba and Ehoti). The Vosges and 
Black Forest had colonies of the chamois in the late-Pleistocene. 

The Alpine vole has been traced south of the Alps to the Cote d^Azur, 
Brescia^ Pisa and the islands of Palmariap and north of the Alps into the 
Bohemian Forest, to near Budapest + to Ba^'aria (upper Franconia), SchTiveizers- 
bildp Kesslcrloch and MaubergeSOS into the Thames valley.The 
Alpine marmot has been found over much of central Europe (fig^ 156)1 
in the caves of Wildkirchlip Drachenloch and Wildenmannisloch, in Castillo 
and La Pefia (Asturias), and on the Po Plain and the Ligurian coast.It 
has been discovered in Moravia^^^ Rhine valley (Eifel) and German 

lowlandsand in the Seine t'alley and Brittany,^^"* 
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* Sites iAg /aft ffAjcJatfsn 



Pismi: [J Elbat M, P*Jm»na; 15. LigUiia; ift, Grimaldi; 17, LnvranBC- iB CoiiiQ- 
ig. I^f M. Jum; 4,, Cpteoehcr; m. Schaffbauaci,; ij. BUck For^r I 

*5. PoW; ^6, S-pta; » 7 , M^inivi.; aS, N,«niir; ag. Saalfeli H. wJirrii^J' I 

ng. 111. j p 



Fig. 156.—Graginphu^l 


m Eujopc. o. TsEihunu, ipiSt p. 155; fig. 
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Age and Succession 

Basis of succession. A niammalian succession during the Pleistocene is 
shown by the superposition in river-terraces and caves: different layers have 
different assemblages. This capital fact escaped the notice of earlier in- 
vesti^tors who, besides ignoring the microfaunaj listed together all species 
obtained from a particular site. Yet superposition in a cave h not always a 
rigid test^*^; layers may be rc-arranged by floods, by stream excavation and 
deposition, by burrowing badgers, rabbits or rats, and by the successive 
tenants, including palaeolithic and later man. 

E. Lartet^** established a four-fold succession based upon the successive 
and universal disappearance of animals in caves and river-deposits: 

Bimii europaeus. 

3. Rangifer tarandus Reindeer period 

2. Eliphaspnmig^wi and Rhxnocer&s iittdqaitiitis Mammoth period’*). 

1 . UrsiiS spehois {^'VEpoque du grated ours des camriies ”). 

r. Garrigou^^^ prefaced this succession with the epoch of Etephas antiquus, 
with E, antiquiiS, RJtwocerm m^ckii and Hippopotamus omphihius. Other 
palaeontologists founded their successions upon members of Cuvier's group 
of the Pachydermata. Thus Osbornobtained the following rhinoceros 
succession: Riiinoceros etniscus (First interglacial), Rr mercki (Second and 
ITiird interglaciaJs) and R, aaliquitath (Fourth glacial), and H. Pohlig^*^ 
distinguished the stages of Elephas m^idioTialiSf E. frogoniheriunt^ E. antiquus 
and E. printig^vius. 

Nevertheless, such successions have been denicd.^^ They are, it is 
objected, incompatible with a repetition of glacial and interglacial epochs and 
faunas or with variations in latitude. Moreover, the animals assigned to 
different periods were in fact contemporaries* e.g. cave bear and mammoth, 
reindeer and mammoth, and RJiino€&‘o$ lepiarhinus and R. antiquitatis^ 

A mammahan succession Ls, however, incontrovertible. It is w'arranted 
by the state of preservation of the bones and their degree of alteraEon, as well 
as on archaeological grounds* e.g. the fairly constant association of Moustcrian 
implements with mammoth and of the Magdalenian with reindeer. Early 
writers recognised that the group R- mertdi&nalis, Marhmrtfdus 

and Eqtius ste^ioms preceded the faime ebaude of Rhinoceros kptorhmus^ 
Eiephas arttiquus and Hippopotamus^-^] that Ekpkas antiquus preceded 
primigeitius^^] and that the fame chaude preceded the cold animals, namely 
mammoth, woolly rhinoceros and reindeer.^^^ The “Reindeer period*' of 
French archaeologists ha$ been generally recognised— Dawkins 524 probably 
alone dissented. G. Dubois ^^5 has recently sought to establish a rodent 
succession for the Pleistocene of west Europe, 

A recent view largely discounts the realty of alternating “cold’^ and 
“ w^rm *' faunas (e.g. p. 902) and regards the development of the Pleistocene 
mammals as a continuous process with only minor climatic fluctuations*^^^ 
In North America too it is thought there was verv' little gradual and pro¬ 
gressive extinction during the Pleistocenej^^^ ^he persistence of forms being 
more complete than in Europe. In South America also the range of the 
Pampean mammab b for the most part continuous* both the autochtonous 
genera (e.g. the edentates and certain of the notq-ungulates) and the immi¬ 
grants (e.g. Arctotherium^ Conis^ SmilodoUj Hippidion^ the artiodactjds and the 
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proboscideans) showing this feature. *28 The giant herbivores of Australia 
bIot surv'ivcd into Recent time when their own gigantism, the increasing 
aridity, and the advent of the dingo led to their extinction .^29 

European succession. Several reconstructions, elaborations of those of 
earlier palaeontologists, have been made. E. KokenSM found the following 
succession: i. Pliocene; 2. Eiepfuis anti'quui and some Pliocene forms (St. 
Prest, Cromer Forest Bed, Mosbach, Mauer, SQssenbom, Erfingen); 3. K 
OTtii^us (Chellean)j E. pfittiig^enhis', E, {inti^as with E, pritnigenitti 
(Taubach, older loess of Achenheim, Cannstadt); 6. E, primigetiius (Rixdorf, 
lower rodent layer), Horse epoch (recent loess) ; 8. Reindeer fauna (upper 
rodent layer); 9. Deer 

J. Bayer®^* recognised the following: 


4. E, pritnigettiiis Fauna (Riss and Wiiim and Aurignacian oscillation), 

3. Efimoceros m^rckii fauna (ChelJean, Lower Acheulian;I’aubach, Mauer). 

z, El^has anttquus fauna; Rhotoceroi eirustui fauna (Prc-Chellean ■ Mos- 
bach, Mauer, Cromerian), 

I. Elcphas irogmtfieni feuna (SCissenbom, Mosbach). 

W, Soergel 532 built up the following faunal succession: 


rri’ Val d'Arno. Mosbach L Perrier, Pny, Dove Holes 

(Derbyshire) and part of Cromer Forest Bed. 

Mastodon orvemmsis, Elepfms mmdionolis, Machahodus sp. Rhinoceros 
e^sats, Equus sUnottis, Hippopotamus, Ursus m^eniemis. Hyaena atvemensis 
H. petTsers, Antelopes and the following Cervidae, Cereuf ekohas C axis' 
CapTfolus, Eiicladocerus. r j ■ p 

f who recognised the three Pliocene faunas 

of Montpellier, Pemcr and bt. P^t, with a large faunal liEt,534 including four 
Pliocene species {EJephas nifrtifjom/rr. Rhinoceros etruscus. Hippopotamus 
Equusstenonis) and four new_ species, all of large aiae, Cervtts dupuisilEiepfias 
sp., cf. lainfrons and Btsm Mastodont b misjsing ^ 

. 53?’ animals in the bwest horizon 

IT if in Hungarj'«6 that of the meridionalis fauna of Mosbach 

11 and of St. Martial, Rossieres and part of tht Cromor Forest Bed. 

Faum(Gafiz-MindcI) at SQssenbom, Amiens Upper 
Terrace,J^Iosbach III pm of Cromer Forest Bed, Mauer. all differing sliEhtlv 
among themselvo—the Cromenan has other faunal equivalents in EuroM^J/ 
(see p. 949). ^ 

The anim^ are those of St, Prestian minus Elepfua meridionalis and in- 

Rhinoceros nterffaVand Elephas 

'llie following broad trend is readily recognisable.^* A lower Pleistocene 
fauna cc^^ting of Phoeene sumvo« with primitive elephants and small 
ho^ (Norwich Crag, lower Val d’Arno, Villafranchian, Sanmen 1 ) A 
middle Pleistocene fauna contaiiung true Pleistocene elephants (E. JisJs 

Tf -u‘"i Forest S 

Champs dc Mars, Mauer, Mosbach, Sussenbom, upper Va] d'Amo T 

und S,.^e„ 11 ). An uppn, Tn. ,hieh S 

the extinction of this fauna more or less simultaneously all over tZ Old 
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World. This includt'S the cold fauna of mammoth, woolly rhinoceros, etc. 
In ElJ^op^;^ this change may be expressed as follows: 

Glacial IV — Extinction of Ehph^i primigenius, Tickorhinsis dntiquilatu, 
Crocuta sptlaeaj Ursus spflaeiif. 

Interglacial.—Extinction of Ete^ph^s antiqum, Dk^os kptorhinm^ Fetis 
ip^hiea. 

Glacial TIL 

Interglacial. — First appearance of Bos primigenius, Rangifer turanduSj 
Tidwrhtnus antiquitalis, Crocuta sp^laeUj Ursus speLieus. 

Glacial II. — Extinction of Hya^m antnttmts, Egtius lobiisius, E. stenonis, 
Z>/crro^Ajwf/j etruscus, Ehphas meridianalis. 

Glacial I, 

The Neolithic witneased the entry of domestic animals into Europe, as 
Swiss investigations show\ 5 ^^ These animals, notwithstanding instances 
cited from upper palaeolithic horizons in north-west Eutope.^^ were 
apparently absent from the Pleistocene — this has been asserted, for example, 
for sheep, goat, dog and Bw tongifrms for the British Islts^^ and there is no 
dear evidence to support the claim (made on account of certain markings 
on the engraving of horses) that Magddenian man bridled the horse. 

More recent times have seen the extinction or great diminution of such 
animals as the bear, wolf, wild cat. lynx, wild horse, elk. aurochs, otter, 
wild boar and red deer as the result of man's activities (cf. p. 139S). 

European time-range» The widespread faunal changes of the Pleisto- 
cene co nsisted of the extinction of old forms, the immigration of new forms and 
the evolution of more primitive species into more advanced species in situ. 
Animals appeared and disappeared after a time-range which varied with the 
animal (fig, 157) and w ith the region—a table showing the time-range of 70 
mammals has been given for Russia.Thus TrogoFftherium aivieri did not 
outlive the Gunss-Mindel interglacial in central Europe but in west Europe 
Straddles the MindeLRiss. Ilippopommus appeared suddenly in Europe in the 
lower PlioecnCi e.g. at Gravitelli in Sicily^^ and ranged through the Cromer 
Forest Bed, Tegelen, St. Frestian. Leffe. Mosbach, Mauer and the Rixdorf 
interglacial. It disappeared from Europe before the Monsteri an or Au rignacian 
as did Ekpkas antiques (which reached the last interglacial in north Germany) 
and from North Africa about the same time, i.e. before the Capsian (Gi^tulian) 
industry'. Hippopotamus probably sun'ived later in the west and south than 
in central Europe. Its disappearance in Palestine w^ of the same date^ 
though it survived at the mouth of the Nile into the Middle Ages* The 
meridional elephant ranged from the Norwich Crag and the tufas of Leffe 
into the Cromerian (£. fnmdknalis mut. cromermsh^^). The cave lion is 
absent from the Pliocene and Cromer Forest Bed^^ but, as a contemporary 
of the mammoth, characterised the Mousterian.^^ It survived into the 
Alpine Palaeolithic and the Magdalcnian, as remains at Kesslcrloch and 
paintings show.^-^ and in fewer numbers and smaller dimensions into the 
Aa:ilian ,^52 as ^ into recent times in Greece and Asia Minor according 
to I lerodotus and Aristotle The panther lived at Mosbach and Mauer in 
lower Pleistocene time, %vas widespread during the Mousterian, occurred 
at Wildkirchli, Drachenloch. Cotencher and Schnurenloch, but failed 
apparently to sur\'ive the Aurignacian.^^ Lynx on the other hand extended 
upwards into the Magdalcnian 535 and into the Iake-dw'el1jng3.556 

5 a - Q.EJl 


8i8 


PLEISTOCENE LtPE 



Fio. 157. — ^I'imc-mnKc of the European ni4imn^aljji. A. 1 JMfickA, 5 ^. /. /ip. i^aS^ 

p. 12J. fig. 2. 
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The cave hyaena, which like the cave bear was not a true cave type in the 
lower beds but its ancestor (some authors attribute the early Pleistocene 
bears to Ursui dettingeri), extended from the Cromcrian to the Magdalenian 
of Kcsslerloch, though it is unrepresented in Magdalenian Art. The cave 
bear also appeared in the Cromerian and is in the oldest layer of Kent's 
Cavern 5 S 9 and in the Creswell Ca\-es^it also occurred in the deposits at 
Cannstadt—^but was the characteristic fossil of the upper Pleistocene, of the 
Swiss Schieferkoklen and of the last interglacial or Ursian epoch,during 
which it was numbered in hiindTcds of thousands and reached its greatest 
size and widest variation—in the Drachcnhohlc near MiJcnitz it was «ao- 
ciated during Riss-Wurm time with Films nigra and Fagus.^^^ It persisted 
from the Chellean into the Magdalenian, as at Birstal and Sirgenstein.^^^ It 
has, however, been contended that the cave bear died out in the Aurigriadan 
or Solutrean,*^^ a statement ivhich clashes with the graphic representation of 
the animal in some Magdalenian caves of soutii France and is only so far 
true that the animal which died out during the last glaciationwas certainly 
much rarer after the Solutrean and, as in the Mbmitz DrachenhShlc and 
“Alpine palaeolithic” caves (see p, 1035), became progressively smaller^®* 
with the oncoming glaciation during which it died out. The brown bear, 
Vrstis arcios^ may range back into the last or the penultimate interglacial. 
It inhabited Sweden into the hazel period and has been found in pt^t- 
glacial Denmark 5 ^ (at localities) where it lived in the milder AilerBd period 
and up to the dose of the neolithic and mixed oak forest period. Its remains 
are not seldom in the earlier Swiss lake-dwellings.^*^ 

The musk ox lived from Cromer Forest ^d time (see p. 995 )— Frae-^ 
ovibosj an ancestral form, is found in the low^er Pleistocene gravels of Mosbach 
and Sussenbom-’®—and occurred in Mindel times in Bavaria and Swabia.*'^’^ 
However, it only became a really characteristic member of the PleistMene 
fauna w'hen the tundra mammals spread farther south during the lower 
Magdalenian, for the majority' of the German and Swiss occurrences belong 
to the last glaciation 5 ’^ 1 it may (doubtfully) have survived to zooo years ^o 
in north Mongolia.*^^ Arctic fox and glutton ranged from the Mousterian 
Qnw‘ard5,574 the latter occurring w'ith middle Magdalenian implements in 
Belgian caves, and tvith late Aurignacian or Magdalenian relics in Germimy. 

The trogonlherii elephants disappeared about the last interglacial period. 
The mammoth lived from Acheulian or the second half of the Mindcl-Riss 
interglacial epoch *75 (its presence in the Cromer Forest Bed is disputed; see 
p. 595) into the latc-MagdalenianS'^* or Swiss Buhl stage.®'^^ It preceded 
the Chalky Boulder-clay of East Anglia®^® but apparently existed to a later 
date in Silesia, Poland and Russia^TS and into recent times in SiberiaSSO 
w'here, at Tomsk, its skeleton was found associated with human debris 5 ® ^ — 
the claim that it survived into postglacial England **2 is not justified. Its 
companion, the w'oolly rhinoceros, extended from the Cromerian,^®^ the 
Ilford horizon in the Thames, and the interglacial horizon of Ehringsdorf^®^ 
to early Magdalenian and the Laufen oscillation near Radolfzell in the Boden 
See arca^ss and died out before the mammoth in north Asia.*®* 

The reindeer began in the Chelleo-Acheulian epoch, e.g. at Mauer (it 
was missing from the Cromer Forest Bed) and lived with Elephas t/ogontherii 
and Dicerarhimts etruscus at Siissenbom and in Swabia.®*® It w'as abundant 
in the lower Magdalenian but became rate in the middle and upper Mag¬ 
dalenian. Though absent like other arctic species from the Mas d'Azil and 
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otKtr French AzUian stations^sS and from the later Azilian m Rritain^W it 
ranged to the dose of the Magdaleman in south Germany 5 *'—it was abundant 
in lateglacial time in East Prussia 5 ^ 2 _jjito the Gschiiitz stage and Azilio- 
TardenoisianS^3 in Switzerland (it wandered into the Alpine valleys) and the 
Tardenoisian (=s yipper Palaeolithic ? 5 W) in the grotte de Remoiichamps, 
Belgium.®^ It disappeared from Leningrad and the Baltic provinces during 
the Dry'as period^ but persisted in Scania, Pomerania and at Kunda and 
Skipsea (Yorkshire) into the early part of the postglacial forest period 
(Boreal and Boreal-atlantie trarrsition) and in central Europe into the timea of 
Alexander and Caesar 55^ it ^ved in the Subarctic period in Ireland and 
wandered northwards in Britain into north Yorkshire (Kildale) and Scot¬ 
land,«» e.g, Dutnbartonshire, Lanarkshire, Avrshirc, Midlothian, West 
Lothian, Stirlingshire, Perthshire. Sutherland (Inchnadamph), Ross-shire, 
Caithness and Orkney Islands. The alleged survival in Caithness until A.D. 
1159 ,*01 based upon incidental notes in Orkn^>iiiga Sega, is difficult to 
reconcile w ith its absence from neolithic Scotland and with other facts. 

The Giant Deer which was represented by several races in the Cromcrian 
(see p. 995) inhabited Europe with the fame chaude and persisted longer 
than most Pleistocene animals—its survival of the “ Deluge ” in the Isle of 
Man was early demonstrated .«3 It lived on into the Gschnitz stage and pine 
period m Switzerland»»and the period of the lakc-marls (it was absent from 
the kkc-dwcllings), into Allerod time in Ireland, Denmark and Scania,*®* into 
historic time in south Russia*®* (e. 500 B.C.) and died out before the Sub- 
atlantic period In both Ireland and Sootknd,«w 


The red deer, Cervus etephas, found in the Cromerian, was plentiful when 
warm or wooded conditions prevailed. It was common during the Chellean 
and Aungnacian but became rare during the lower Solutrean and abundant 
once again m upper Magdalenian time, finally supplanting the reindeer in all 
French ^tiom save in the eictreme north. 

The elk ,*08 Ake lali/rons, present in the Cromerian, lived throughout the 
older Pleistocene in northern and central Europe, while A, ekes of later time 
lived m central Europe into historic time, and roamed as far south as Rumania 
north Italy and the Pyrenees. ITie roe deer,*®* Capreotui capreolus which 
appeared ^ early as the Miocene in Europe and lived in the Cromerian' ranged 
through the Pleistocene into, for example, the time of the Swiss iake-dwellinES 

CtUlim rufiscens ranged in France from Acheulianto Magdalenian appeal^ 
in England mthe Cromer Forest Bed and surv-ived in Denmark into the Allerod 
period. which ranged upwards from the Willafranchian died 

out in the Riss penod (when E. Mlus appeared), except in north France 
and Germany wliere it survived into the Wurm.*i® 

The bi^n, flrrofl prisats, generally recognised as a descendant of B 
Falc and the ancestor of K ^opaeusfin appeared in the Acheulian; 
was plentiful dunng lower M^dalenian, grew scarce during the middle and 
upi^r Magdalenian, and persisted through the Ancylus period in Ostereot- 
hmd,*i 2 It survives now only in the Caucasus, Bo,primigemus, which was 
of south Asian descent— 5 . plantfrotis of the Siwalik Beds w'as an earlv teorf 
sentativ^and app^red in Mindel-Riss times. e,g. in Germany.* i^'raneed' 
through the later Pleistocene over almost the whole of the Old World 
becoming gradually smaller, and lived on into the 14th century in Germanv* 
Pol^d, Hunga^ Russia: it died out in 1627 (in Poland) but contributed 
to the present bovine races. 
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The ibex and chamois arc first definitely known from the last interglacial 
epoch.® They became most widespread in Wiimi times and were only 

sporadic in the lake-dwellings .®'5 

North American succession. The Quaternary mammalia of North 
America, which have a complete bibliography,®'® form a combination of 
faunas of different latitudes.®'“f They include animals from Eurasia, e.g, 
Mdfnmuiltus primigenius, M. trogonlherioides {.Pareiepkas viashirtgtottii, P. 
jegenoni, P. ptogres$us\ Rangifet tarandtts, Ovibm moschaUts, Bison., Ursus 
arctos, Cfljfor fiber and the large felines; an autochtonous fauna of mixed 
derivation from the Tertiary, e.g, Mammut ohmtictiSt Eiptus cabsUvs and tapirs; 
and migrants from South America, found generally in the southern part of 
North America, c.g, the edentates of the genera Megahnyx^ Megatherimi and 
MyUtdon. 

This fauna died out gradually and at different rates in different places: the 
vast refuges of the mammals in the south make impossible the clear demar¬ 
cations which characterise Europe. Hence, there is at present no general 
agreement as to the basis to be used in coiTclatlng the Pleistocene faunas of 
North America.®'® Nevertheless, the work of B. Brow'n, E. D. Cope, W, H, 
Hall, W. D. Matthews and H. F. Osborn®'*' has established five successive 
mammalian faunas; an upper Pliocene ozMarnmutkasimperstar fauna; an early 
Pleistocene {Eqints-MegaUmysi^ fauna of Stegomastodon mirijaus, Mammut 
amencanuSy Mammuthtu imperator, M. colombi, Tapirus, with Puma and 
Camehts and aeveraJ Equus species; a middle Pleistocene fauna of Mammid 
americanus, Mammuthus cohmbiy Tapir emeTUanus, Ursus amerUamtSy 
Cerrus canadensis and Ahes\ a late-PlcLstocene {Ovibos-Ran^er) fauna of 
Ovibos moschatuif Rangifer tarandus, Mammuthus primigenius and L'rfto 
americanus', and a postglacial Cervus fauna—the homed ruminants of North 
America have been w'cU monographed.®^ J. Bayer ®^' correlated these five 
faunas with the Eiephas meridionalis, E. trf^ofithmt, E. antiguus, E. primigenitts 
and the forest faunas of Europe, 

Hay,®^2 who had established a faunal succession for North America and 
maintained, contrary to the general view, that many North American animals 
were exterminated before the Wisconsin (even before the Kansyi) glaciation, 
stated that each glacial and interglacial epoch took toll of the species. Camels, 
for instance, are not found in the interglacial epoch succeeding the Aftonian 
and horses, which numbered at least ten species, grew' fewer as the Pleistocene 
advanced, failing to survive the Wisconsin. Other animals survived all the 
climatic changes; mastodonts have been found on late-Wisconsin drifts on 
Long Island and Staten Island ®^^ and with elephants, musk ox, moose, 
peccaries and giant beaver, survived into Recent times since, being found near 
the present shores,®^'* they could not have lived where they are now found 
until almost all the postglacial uplift had taken place (see ch. XLV) and the 
ice had completely vanished from the Great Lakes, Mastodont apparently 
persisted into the 4th century a.d. in Ecuador.®^ 

Evidence®^ appears to indicate that Equus, Tapirelia and Tanupolama 
existed much later than the limits assigned by Hay. 

It is interesting to note that many groups and families, e.g. ground sloths, 
Californian lion, mastodont and mammoth, certain peccaries, camel, musk 
ox, bison and giant beaver, lived on in America after they had become extinct 
in Europe.®^? This may be explained, though somewhat doubtfully, by the 
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late arrival of man who only at this stage was able to piarttiripate in the extinc¬ 
tion of this fauna^® (see p. S65). 

African succession. East Africa provides the following inamTnaliaci 
successions^: 

Upper Pleistocene: modem fauna with the African elephant as a late 
invader. 

Middle Pleistocene: Etephai antiquus recM and HippopotamusgOTgpp$, Oc¬ 
casional sun'ivals of earlier Chalicotheres, Mastodonts and Deinotheres. 

lx)irver Pleistocene: Stegodou, primitive elephants of plattifram and meri- 
diomiis type, and two specie of hippopotamus {Hippopotamus gorgops, 
H.magunciiid)^ Chalicotheres rare, but Mastodonts and Deinotheres not 
infrequent. 

One or two genera of the Hipparion group occur in the lower and middle 
Pleistocene and zebras throughout the period. 

The Omo Beds *30 Qf country tvest and north of Lake Rudolph contain 
■fishes closely related to or identical with living Nilotic species, reptiles, 
chelonians and crocodiles belonging to the living African fauna, and mammals 
which consist of Eiephas, cf. plamjrons^Hippofmiatfms recki, U.protamphibius, 
Ceratothetium f/irtuf, Equus., cf. zebra, with Suidae and Dovidae. The fauna 
is an association of Tertiary elements, c.g. Dinothmunty Stytohippanon and 
Skaihmuttiy with others of early Pleistocene age, such as Ehphas, Eqnus, 
giraffes and antelopes, 

These beds, which are early Pleistocene, arc probably equivalent to the 
Serengeti and Olduvai deposits which have several species in common, to 
the higher terraces of tlie Vaal basin (sec p, mb) and to the Constantine 
Plateau Beds of Morocco. Africa, therefore, in early Pleistocene time had a 
mammalian fauna which ranged throughout the length and breadth of the 
continent. By the end of this time, the older element had disappeared. 
Eurasian forms entered in the middle Pleistocene but did not extend south¬ 
wards across the Sahara, 

Indian succession. In India ,*3 1 two Pliocene mammalian faunas may be 
distinguished. In ^ earlier or Tatrot fauira, Stegodon ( 5 . cUjti and S. 
hotfihijTous'^ predominated over I\d.ostodo7i (I’kf. and occurs with 

Hipparion and abundant In the later Pinjor fauna, the first 

elephant, Eiephas pianijTons, appears but Stegodon and Hippopotamus still 
continue. These forms arc followed by the Boulder Conglomerate fauna of 
lower Pleistocene age wWch includes the last Stegodon {S,ganesa) and Ekphas 
bysudricus. Equtts replaces Hipparum and Bor and Bvffelus replace extinct 
genera of oxen and buffaloes. The following correlation seems Justified: 


Karnul Cave deposits and Trichinopoly Alluvium Upper Pleistocene. 


Narbada 

Boulder Conglomerate 

Pinjor 

I’atrot 



Upper Pliocene. 


T'he Chinese mammalian succession has already been described (see 
p. 545). Three main faunas can be distmguished,W2 The oldest which 
contains Eguus, Paracamelusy St^odon, Eiephas, Epimachairodus, Euclado- 
cerusy bighorn sheep and rodents, is of VilJafranchian age. The succeeding 
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faiina» which is associated with caves and fissures, Is the Sinanthropus or 
Choukouticn fauna. ITie highest or Malan fauna is that of the upper 
Pleistocene loess. 

4. Other vertebrates 

Fish, batrachians, reptiles and birds were depicted by palaeolithic nriM 
(see p. 856) and their remains are found in cave and other deposits in 
interglacial accumulations, e.g. the Cromer Forest Bed (sec p. 995). T^ever- 
theless^ the remains are relatively rare; this is illustrated by lists of Pleistocene 
fish and birds from Great Britain and of birds from Mixnitz (see p. 79 
During the cold epochs these vertebrates were displaced equatonvnrds (see 
pp. 1031, 1069^ 1094) &^d were racially altered (see pp. 1096+ 

1378), Distributions were also modified in lower latitudes (see pp. iii 3 t 
1123), where differentiation occurred (see p. iiib), and were affected by 
changes in the distribution of land and w^ater(seepp. 1234? *^ 39 ^ * 3 S^)’ 

The migrations of fish and birds were considerably altered (see pp, 1400- 
1402). The final disappearance of the ice and the re-warming of the lands 
and seas brought about further migrations (see pp. 1290, 1296+ * 3 **)- 
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Chapter XXXV 
EARLY MAN 

Historical. The lilcratu re deal! ng with early man is i mmense; It has been 
summarised in many works^ of a general, arehaeological or geological 
character. The purpose of this chapter is not so much to consider anatomical 
minutiae or the typolc^ of the artefacts, which are strictly outside our 
province and can be studied in standard anatomical and archaeological works, 
hut to prepare the ^und for the nest four chapters which deal with man's 
relation to the glacial and mammalian successions, to tectonic and climatic 
history and to the ecological environment. No attempt has been made to 
document this cltapter fully. 

If it be true that palaeoliths may be used as fossils with which to elate 
geological horimns it is equally true that a geological foundation or back^ 
ground is vital in researches on palaeolithic man; early students of the latter, 

Dumas, E. Lartet, P. C. Schmerling, J, Prestwich and 
C. Lyell, were all geologists. 

In earlier days, largely because of Cuvier's influence, the existence of fossil 
man was denied—PAwfliiHe fostile rtVsir/e pas. The implements, found in 
lleistocene gravels, e.g. at Grays Inn Lane, I.ondon in i6qoand at Hoxnc, 
Suffolk in 1800,2 and cave-brecciaa, rock-shdters, the "head" of south 
England or the loess, were deemed to be aberrant forms of fossil fish or the 
product of some chemical agency, of tiolent and continued gyratory water- 
action, or of fracture resulting from changes of temperature. Early geologists, 
indeed, like Buckland,^ were unwilling to believe that extinct animals and man 
were coeval—ev'en Lyell'* only withdrew his opposition in 1S59. Yet the 
antiquity of palaeolithic man was established in several ways. He inhabited 
caves which were of great age, as is proved by the thick stalagmite layers, by 
changes in the relief and drainage systems, and by the sequence of con- 
tempor^ events elsewhere. He coexisted w ith extinct Pleistocene mammals; 
tor, as J. F. Esper recognised as early as 1771, bones of man and cave bear are 
tound together, his implements occur with their bones and teeth; he made 
paintings, drawings and engravings of them in Spanish and Pyrenean caves 
and marked their bones, e.g. rhinoceros bones in Bohemia,^ and sometimes 
polished them (though polishing docs not necessarily imply a human origin*), 
and his footprints are preserved from Magdalenian time.'' The human suc- 
ceMion ran be related to changes in the animal and vegetable world, to river 
and marine terraces, to glacial successions and to loess horizons, etc. 

Cu mulati ve evidence carried conviction to the most scepti cal. Implements 
were diwovcrcd with bones of extinct animals® in Kent’s Cavern, Brixham 
ave, Wookey Hole and caves of Anrignac, and in river-gravels^ in the 
bomme and Thames and of Austria; and human and animal bones were 
Jound together m a number of French Caves,'* including the Engis. Doubts 
however, were only finally allayed by Rigollot’s verification (tSce) at St! 
AcheuI of Boucher s finds'2 in the Somme valley which were recognised by 
iintish archaeologists and geologists!® who visited Abbeville and Amiens In 
the year (1S59) that Darwin published his 0/ Species, More recent 
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finds of cdcined hones of mamnioth and rhinoceros, c.g. at Kesslerloch.i'* of 
mural paitiungs and drawings of the smimaJs'S (gee p. 85G) and of piastic 
representations of the mammoth at PoUau in south Bohemiai* only confirm 
these conclusions. 


Lucr«ius (died 53 a.c.) and independently Aldnovandi (1533-1607), 
Mercati (1544-^3) and J. G. Eckart (in 1750) expressed the opinion that m^ 
passed through the successive stages of stone, bronze and iron,!’ It w-as, 
howewr, only m 1836 that confirmation of the three ages was obtained when 
C. J, Thomsenof Denmark, aided by G. Forchhammer, S. Nilsson, !. |. A. 
vVor^e others,! 9 placed on a sound basis this threefold chronoloev, the 
basis of prehistory” and the “corner-stone of modem archacol^” 
Worsaae,^ on stratigraphical grounds, related the three ^es to the tree 
succession (sec p. 1438) and later subdivided the stages, distinguishine two 
stone ages ftvo bronas ages and^three iron ages. The Us-o divisions of stone 

rr first recognised in France, 

J. Lubbock^! termed respectively palaeolithic and neolithic. 


1 . Pre-Palaeotithic Man 

EoUths. ^liths w-ere first discowred in 1867 in the upper Olieocene near 
Thenay south of Orleans ,22 though the name-“dawn-?tone“ ff«. dawn- 
htim stone) was not g,«n until more than twenty years later.JJ In 877 th^ 
cobths were found ,n the upper Miocene of Puy Coumy, Auvergne M^and 
^^158^*^ discovered on many other horizons ^'below; 

Mr otipn has given rise to prolonged cohtroversy .25 Onc difficultv 
to di^mguish between art and nature, between man >s workmanship anShe 
simulation of his artefacts by natural causes. The marks nf dLi™ " 
equivocal, and our knowledge of the actual procesS 

h mco„p!„c. No iaWlibU “ /E' 

^lievers in eoliths regard as human the bulb of percussion the ndn^H S' 
the curvilinear notches, the “resolved Bakes” and the 
Moir,26 who disimssed their mode of manufacture thouBbfthi 

Eoliths have now been described from Britain» fKent a l 

Wiltshire, Sussex, Hampshire, Essex. BerksWre DoiW; 

Surrey), France^ Oise. Somme) and Germany. 3 ! as“i 

countries remote from Europe e.g. Burma 32 and cent J\usTriJia 33 I’lf 
are extracted from the Eocene ,34 e.g, its base at Belle • pu n ^ 

and the Thanet nf r__ V the Pans Basin 


(Carnal) and Otta (Portugal); from the Pliocene 

Dorset (= Pleistocene^S), Suffolk Crap Thebes fFovnti ’ , m 

the Cromer Forest Bed 39 and glacial drifts 4 o in 

from "postglacial" beds^i in Rugen and Bornholm and bed 

historic date in EnglandA Rutot distinguished the folL^^ 

the Tertiary': i, Thanetian (lower Eocene) - 2 Facmi'i r phases in 

3. Theiuym (upper Oligocep,);“I'ISS 
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(middle Plioctne); 6. Saint Pr^tian (tipper Pliocene)* His kter Mafflian, 
Mesvinian and Strepyian he himself recognised 35 equivalents of the lower 
palaeolithic facies. 

\Miile soirto deem the eoliths to be a primitive type of no special age which 



survived along with the paJaeoliths/^ others regard them as a prototype of the 
paJacoliths44 (the "Eohthic period” was Tertiary-*^ and preceded the 
i alaeolithic^)—an attempt has been made to trace eoliths into rostro- 
cannates and ^se into the earliest palaeolithic hand-axes 47 Certain Tertiary 
eoliths of Spam have been proved to be true Pleistocene palaeoliths.^ii 
The human origin^ often affirmed**® b denied or regarded as "not proven^* 

53—O.E. II ^ 
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by numerous British and continental workers. 5 ® While admitting that 
pdacoliths may not represent the infancy of stone-culture {eoliths were 
themselves preceded by still earlier but as yet imaginary " pre-eoliths “^l) they 
consider that this stage may have developed elsewhere; that the forms did not 
become dominant until a certain excellence had been attained; and that the 
earliest stage was probably alithic* The earliest primitive implements were 
probably of impermanent wood, teeth or bone, or were claws, shells and 
natural flakes or pebbles, picked up from the surface as the pcbblc-culture of 
Kenya arid Uganda and the Vaal ri\er basin and Nile valley^^ jnay indicate 
—the splitting of pebbles may have been the natural precumor of the flaking 
processor the choppers of * 4 sia, e.g. India (Soan), China (Choukouticn), 
Buima (Anyathian), Malay {Tampan), Java (PatJitan), which are pebbles 
coarsely chipped at the edge (see fig. 159, p. S40, and p. 841). In east Africa 
the earliest-known and most primitive tools are the Kafuan pebbles with a 
single edge flaked on one side. These were followed by the chopping tools 
of Olduvai, with edges flaked in two directions, which pass upwards into 
pointed choppers that have been regarded as the forerunners of the true 
bifaces. Primitive methods of flaking atone show that an eolith-stage in the 
evolution of stone implements is unlikely.^ 

Opponents of human eoliths contend as follows: natural implements of this 
kind were amply available S 4 ; ^lithic Baking differs from human flakingSS 
and was made by natural pressure,** i.e. by the weight of superincumbent 
beds and by soil pressure, since their surfaces are striated in the Kentian and 
sub-Crag eoliths and coincide with planes of least resistance in the material- 
eoliths are m immediate contact with small pieces formed by fractures^ and 
have occasionally been derived from abraded or broken palaeoliths after the 
earlier patmationS*; and they arc restricted to flint gravels and are absent 
from clays, loess, tras^rtincs, [«ata or other fine deposits where pressure 
eff^ts excluded Even the fin^t secondary flaking, the notches, parallel 
chipped edges, the bulbs of percussion (which G, dc Mortiilct regarded as the 
mam cnterion of intentional working) are only natural products 

Other forc^ss which mechanicdly give rise to eoliths are ice-floes and ice- 
shccts; foundering drifts; insolation, as on the plateaux of central 
movement m beds, e g. at the b«e of the Eocene in the LoX K 
basins. Eohthsaredso f^hmned by the random concussionfmmsea-wavS 

or swirhng stre^.® by the feet*i of (^els or other animals (podoliths) S 

The finding of eoliths not in definite stations but in regions of flints is in- 
consistent with hun™ ongn as is the absence of a reco|nisable purpoi or 
of a progressive evolution *4 (auccessivc “industries”** We H ^ ^ I 
from Belgium. Brunswick and south-east England) Their riirid 
■bility !.«« ,0 .H. X 

of form suggest natural causes which do not vary- in their ooeraH^ p I! 

more, flints pdc from the rudest natural sha^s to the few whfoh aJ" 



abundant, are unassociated with any other lestimonv of hn’ 

such as healths, burnt bones or osteological remains Ind ?ccupatioft. 

on palaeotitological and es-olutionary grounds** (see below)^^"^^ iitiprobable 
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Notiivithstanding the cogency of some of these reasonings, it may be that 
natural forces are incapable of simulating eoliths and that these occur at 
different horizons or where natural processes can be excludedp where bi¬ 
valve shelisp still hingedp are found in the immediately overlying layer.^^ The 
issue of the battle of eoliths is still undecided: it awaits fresh evidence of some 
decisive kind, such as an undoubted hearth or occupation-floor or skeletal 
remains, which will convert presumption into proof* 

Rostro-carinates. The Stone Bed of Norfolk (= Nodular Bed, Detritus 
Bed or Suffolk Bone Bed), about t ft (c. 30 cm) thick, lies at the base of 
the Red Crag at Ipswich and from Norwich to Guist in the west and 
Wcyjwume in the north. Tt represents the spreading of the unfloatable 
debris of the I'ertiaiy Und-surface by the advancing Crag sea. Resting on the 
Chalk, it consists almost wholly of grey-black flint of the Upper Chalk, with 
occasional quam or quarUite, sporadic fossil bones and, in places, typical 
Crag shells. The bed has yielded awls, scrapers, a few hand-axes and 
abundant flaked implements^*®® in either disturbed or undisturbed positions^^ 
wWch E. R. Lankester^^ termed the “ Icenian industry”, but are perhaps pre¬ 
ferably denotedIpswichian (from the Red Crag at Ipswich) and Norvician 
(from the base of the Norwich Crag)—“Icenian” has been used atrati- 
graphically for the Nonvich Crag (L. D. Stamp) or for the Norwich Crag, 
Chillesford Beds and Weybourne Crag {F- W. Harmer). The implements, 
w^hich are of a rich mahogany colour and sometimes striated (possibly by 
aolihuxion or by a subsequent glaciation ^2)^ have been shaped from nodules 
on a definite plan^^ and resemble the prow^ of an upturned boat. These 
"^rijstTO-carinate” ("beaked'" and '"keeled”) implements seem to be crude 
attempts to produce points and edges, using flint nodules as a starting point. 
Because of their edge-chipping and surface-flaking they have been placed 
midway between eoliths and palaeoliths and in advance of the Kentian 
colithsj^ alternatively in the direct ancestry of the more elaborate Chellean.^^ 

It has recently been affirmed ^^5 that the Bone Bed, which is a residual 
deposit representing the wreckage of many ancient land-surfaces, contains 
artefacts which can be divided by (a) patination and refiaking, (A) types, 
(r) differences in technique and (d) condition, into five groups of w^hich the 
Tostro-carinates form one. 

Although archaeological opinion is inclined to accept the authenticit>^ of 
these industriis^'^ (the resemblance in the fashion of flaking and repetition of 
form are strong m-guments), other writers deem the rostro-carinate to be 
natural and see in the striations and the gradational series proofs of their 
mechanical origin. The numbers on a given site are immense; they occur 
on modem beaches,^® in a dnteatiire at Beaumont-sur-Oise®® and as pro¬ 
jections from a big flint boulder ; the patination of the various facets varies ; 
they are apparently purposeless (though it has been suggested that they were 
u$ed for removing the hide from an aiurnal®^); and they are found at different 
horizons as in the Eocene,^ Cromerian,®s Middle Glacial Sands and 
Gravels,®^ Chalky Eoulder-clay postglacial deposits,®® e.g. at Ballymena 
and in the Lame raised-beach, and from unknown horizons in Egypt, 
Rhodesia,^ Uganda and the Victoria Falls region(Kalahari Sands) 
OlduvaJ ^^ and Japan,^^ 

\Miether or not the implements, if authentic, prove the existence of Pliocene 
man depends in turn upon whether the Norwich Crag is to be regarded as 
Pliocene—the long-established practice—or placed in the lower Pleistocene^^ 
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(sec p* 599). Tertiary mm m west Europe has no other confirmation. The 
so-called elephant trench at Dewlish’S (sec p, 832) in Dorset is natural^; the 
figure-stones (pierre^-figurfs), accepted by many^ since B* de Perthesfirst 
dj^ribed them, are of doubtful antiqui^^—the **artificial" incisions on 
animal bones mav be due to gnawing animals or to earth-pressures and may 
be no more authentic than the model of a mammoth discovered in Suffolkioi 
or the human footprints in Pliocene Beds.^*’^ Nevertheless, such evidence is 
sought in the bone implements belo^v the Crag,^®^ a sling^tone (near 
Ipawich^OJ) and perforated shark's teeth beneath the Red Crag.ios a humanly 
shaped piece of wood from the Cromer Forest Bed,l^ burnt flJntsl®^ and 
alleged human remainSp^*^®^ including the jaw of Foxhall man”^*^ which like 
other skeletal remains attributed to Tertiary man (including those of Savone 
and Castenedolo in Italy, and of Calaveras in California) has not wi thstood the 
test of critical enquiry. 

Many think Tertiaiy^ man is required for the development of the human 
brain of earliest Pleistocene man.^l® Others regard man in the narrower 
specific and broader generic sense as essentially a product of Pleistocene 
climatic changes which provided the cause and the opportunity of his 
appearance.^ ^ ^ 

UnfoTtunately, the palaeontology of the Primates is only very incompletely 
knowTi .^^2 The earliest fossil Primates, the relatives of the lemurs and 
tarsiers, are found in considerable numbers in the Eocene of Europe and 
America. The \owct Oligocene of the Egyptian Fayfim contains Para- 
pit fiecus which was connected with the tamiers and the anthropoids and has 
been variously regarded as a primitive Old World monkey, as a primitive 
anthropoid ape, or as a proto-catarrhine from which all living catarrhinc 
piimiti%^e3 have been derived. It also contains Prapti^pthecus, a small and 
generalised anthropoid. Among the fossil Old World apes this may be 
the most nearly related to the common stock whence sprang the four types 
of higher ap« and man. Of these the gibbon stands somewhat apart^ 
while the gorilla and chimpanzee have diverged in some respects from their 
remote ancestors which they shared with man. Early gibbons and forms 
intermediate between the chimpanzee and gorilla Itave been discovered in the 
Miocene of Europe, Asia and Africa, e,g. Pr&tomul of .Africa, and fossil 
orangutans (Dryopithccinae) in the upper Miocene of the Siwalik Hills of 
I ndia. Fossil evidence shows that at the beginning of the M ioct ne the main 
groups of tlie anthropoid apes which exist to-day were already undergoing 
separately their evolulionar)^ definition. It also suggests that the ancistors 
of the Hominidae are to be sought in some branch of the early Miocene 
Dryopithecinac,!!^ though a large Australo-pithecine ape and Limnopitkeais 
of the Miocene of Kenya have been named aa ancestorsli^ and Pondatnipm 
and Amphiphhfcus of the upper Eocene of Burma suggest caution in affirming 
an African ancestry of the anthropoid apes. During the Pliocene of the Old 
World, fossil anthropoid apes and abnost all the present genera existed 
Many species were ancestop of present species, the anoesto^ of the chim¬ 
panzee-gorilla group migrating westwards into Africa and the anoestons of the 
orang migrating eastwards—a fossil molar tooth has been found as far north 
as Chifia .115 

Man may have evolved contemporaneously in different regionsH^i faee 
p. 863). This was mainUiued among others by D, Black^l^ discuied 
the modern and geological distributions of the Primates. ^Fhe human family 
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probably descended frofn the anthropoid group in the ^flioceiic iind Pliocene 
some where between Western Europe and eJBtcm the of 

evolutionary radiation may be represented perhaps by tiie fo^uiferous 
deposits of the Siwalik PalarantologicaUy, there is no ob^ction m 

principle to the existence of man in the late hdf of the Tertiaiy^^^ though 
there is no support for the idea of a separate existence of the human stock in 

earlier Tt'ertiarv' times. , . , 

No valid reason, therefore, exists a^nst the existence of some pnnutive 
Tertiary man. Nevertheless, he remains conjectural; no irrefutable evidence 
in the shape of perishable bones has been found in strata ar^ittedly 
than the Pleistocene.* Even if the artifrcial nature of the implements be 
established, legitimate doubts may still be entertained whether they were 
fabricated by beings fully human. The Tertiary seemingly had the pro¬ 
genitors of man but not man himself. 


2 . P&I&^olithic jVfnn 

Materials of implements. Either because the wooden implements of 
palaeolithic man, especially lower palaeolithic man, have been subsequently 
destroyed or, less probably, because wood was absent from the Pleistocene 
tundras and steppes, virtu^ly nothing made of this material is knoi^n until 
we Come to the neolithic pile-dwellings- Exceptions are provided by a 
pointed stake from Clacton,l22 associated in peat with the remains of Ekphas 
antiquus] a complete yew-wood spear from Lehringen near Brenwn, also 
asaociated with a skeleton of E, ^ cei^n objects found in the lower 

Palaeolithic in Alsace^^^; and fossil wood used in the Early Anyathian culture 
(ea.rly Pleistocene) of Upper Butma.^^ One of the skeletons of 
thropus palestiftenm found in a cave on Mount Carmel had a clean-cut hole 
passing through the head of the femur into the pelvbt a plaster cast of the 
reproducing the tip of a wooden spear of which no other trace remained A 
The making of fairly large wooden objects, such as food vessels and shields, 
probably played a large part in the industrial tradition of the Aurignacian 
peoples of the Near East. Their w’eapons were also probably made of wood.^^^ 

The palaeolithic implements which have come down to u$ are therefore 
made of stone, chiefly flint, less oommonlyt as in Gower, south ^Vales, of 
chertI'he flint was gathered from Tertiar)' gravels and marine shingle 
and broken on anvil-stones^^ or w'as mined directly from the Chalk, e-g* at 
Grimes Graves*^ (the most extensive of the prehistoric flint-making shafts in 
England), which was worked chiefly to provide the axes to clear the mixed oak 
forests of Breckland. Animal engravings upon flint crust and the form of the 
implements, notwithstanding the absence of a Pleistocene fauna and the 
presence of pottery,^^^ have led some axchaeol^ists to refer the beginnings of 
the excavations at Grimes Graves to palaeolithic time.*^^ Grimes Graves 
workings^ however, are no longer accepted as palaeolithic but are regarded as 
either early Mesolithicor Neolithic.*^ Flint mining, indeed, attained its 
peak in the late-neoUthic and early Bronze Agc^^^ and was widely practised 
in west Europe from England to Portugal.*^ The flint found w’idespread 
use because it fractured easily and w’as abundant, hard and imperishable, 
WTiere there was nonCt it was probably introduced, as in south Germany _ 
(worked from Chalk subsequently eroded f or Campbeltown, Kintyre. 
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Other materials were used relatively rarely though a lengthy list has been 
compiled for Europe.'^ They included jasper and radiobrian chert of the 
Alpine Jurassic, chalcedony of the German Keupter and of Xorthem 
Rhodesia,felsitc,'*^ Hertfordshire puddingstone,^^^ quartaite, e.g, in the 
Chinese loess,in the Aurignacian of Moravia,in Northern Rhodesia, 
at Brandon, Creswell Cave, Drachenhohle,^^^ and in the “ quartzite province '* 
of Brittany and the Garonne and the Grotte de I’Observatoire, Monaco 
{where, as in North Africa, quartzite implements preceded flint onesi"*®). 
Other rocks included basalt, e.g, in Auvergne, obsidian, serpentine, jade, 
day slate, limestone, e.g. in the Drachentoch, in Torralba, at Monaco and 
in a few Moustcrian stations in central Europe,‘ 5 l and quartz, chalcedony and 
lydianitc in South Africa.Teeth of animals, c,g, of bear at Drachen- 
hSh]e,i 5 i were also used, as were bone and horn in the lower Palaeolithic 1 ®+ 
and especially in the upper Palaeolithic when reindeer were plentiful, A 
shaped bone (horse) of lower palaeolithic age has b«n found at Warren Hill, 
Suffolk.l 5 S Excavations in the Dordogne by E. Lartet and H. Christy (1865} 
showed that bone, ivory and deer’s horn played a large part in the industrial 
activ Ities of later palaeolithic man. 1 he advanced technique, however, must 

have been far removed from the first utilisation of bone and ancient proto¬ 
types. A few examples are known from the upper Moustcrian of Castillo 
(Spain) and La Quina (France) as well as the anvil blocks and trimming tools 
of the same age—the bone said to have been wiorked by ‘Tiltdown man ” (see 
p. 859) was apparently made by TTogontherium.^^ Bone splinters jaws 
and other bones of great bear were used.is^ e,g. in the “ alpine Palaeolithic" 
(see p. 103s). where they sened for treating the skins of cave bear Stag 
horns were readily obtained and shoulder-blades VTCre employed as shovels is® 
Excavations m the loess at Pfedmostis^ have revealed a'unique series of 
cultural objects of upper palaeolithic age, viz. spades and forks of mammoth 
bone, horn buckles , daggers made of the smaU bones of the lees of lions 
needles of reindeer horn, assegais and daggers used in hunting! and per¬ 
forated mammoth ribs with pieces of polished bone inserted in the 
perforations. 


The raw material u^d by palaeolithic man in Burma wassilicified tuff and 
I^itonSSl quartzite, quartz-f^irphyty and 


-1 H Tr-"^ueral salts froS 

the sod and becomes patmated. Fhnt implements are patinated in VrhZ 

colours 1 he patina or thin skin of chemically weathered flint X 
opaque dead white, red, brown, yellow, ochreotis, green or black 
luvc a dish. p»li.h o, gh„ wh “de^ri S“!lh" nii^f "K 

same gravels generally agree in the colour of their patina- r^k-^s 1 

ments are usually doubly patinated. The colour clLigc, which ^arli^v S 
the comp<»ition and primary condition of the flint cn varies with 

and tha matria endnaing the implement fe ,£,'"1’^'^“ of expoanre. 

often deneting greatea. age.>M Pahnadon nariJeur S 
bunallfiJ by physico-chemical processes induced by the suni k 

more commonly by staining while the flint is in^the graveU ^Thf ’ 
patina of some gnn llmta o, flino i„ abuidoned quartL .ngge.i th.Trte 
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change may take place rapidly. Patination as a guide to the age of a deposit 
may therefore be dangerously misleading.^*^ 

Patination,. occasicn^aUy studiedi^^^ has been produced by experiments^ 
which suggest that the chemical ^ents arc the carbonates of potash, soda and 
ammonia which work more quickly on nibbed or polished implements than 
on chipped ones. The first step is the removal in solution of part of the film 
and interstices which conaiste of opal (colloidal silica) from the more sponge- 
like meshwork of chalcedony (crystalline silica) whose minute air-spac^ render 
it porous and whiteThe patina or extremely thin impervious skin of the 
altered cnist is formed when evaporation concentrates the solution of silica 
at the surface. Blue is the incipient patina in which the white weathered 
material is drawn over the background of dark flint; red, orange or yellow 
patinas are due to staining of the white patina by ferric oxide or hydroxide 
deposited in the pores of the skin and derived possibly from iron originally 
in the interior of the implements.Mottled patination is incipient and 
denoted by spots or rami lying stTcaks of different colour. 

Cultural succession* Palaeolithic implements clearly reved design. 
Rude fractures or "rejects” are found in “palaeolithic floors'S i.e. the 
factories or working sites on which the flint workers lived and accumulated 
their innumerable flakcs+ cores, “rough-outs” and hammer-stones. First 
discovered in 1878,^*5^ the floors have since been described from many 
localities in the IjDndon Basin numerous replacements have been made as 
at Caddington.^'^^ 

French archacologistSp like Boucher de Perthes (1847) and E. Lartet^^^ 
(1864), were the first to recognise the superposition of distinct cultureSt each 
with its particular style of manufacture and finish and technical improve¬ 
ment over the one that went before it: Lartei based hsa classification on 
zoological and palaeontological grounds (see p, 813)* The early division into 
River Drift man and Cave man was faulty and misleading since river-drift 
types also occurred in caves and vice as Sir J. Evansrecognised 

(though even to-day few caves among the hundreds of Pleistocene caves 
known contain remains older than the Riss glaciation)* G- de Mortiltet's 
classification which replaced it substituted for Lartet^s palaeontological 
titles archaeological ones based on type-sites. Hia classification, which 
recognised periods of time and not cultures, was imperfect in that it did not 
appreciate the true position of the Aurignacian Avhich H. Breuil,^^*^ returning 
to E* T* Hamy's affirmation of 1870*^^ subsequently established as at the base 
of the upper Palaeolithic- This amended classification, w^hich inv^cstigations 
by E. Cartailhac,^^* L, Capitan and D. Peyrony^^ placed on a firm basis, was 
formally approved at the Monaco Archaeological Congress^®* (1906). I.atet 
research has refined the divisions, added auh-stages and shown that their 
succession is not straightfonvard (sec below). 

The “classical” sequence was found to hold outside France, as in Bel¬ 
gium (A. Rutot's Mqscen, Campignieris Hcsbayen and Flandrien) 
Germany (see below), north Spain,south Tunisia^®^ and Russia but 
was thought to be inapplicable to England until correlations attempted in 
the early years of this century^ and later successfully applied in Kent^®® 
established its correctness for that country. Doubt, how^ever, may be ex¬ 
pressed whether it can be used outside Europe where implementSi un¬ 
doubtedly palaeolithic, are wi despread Investigators have affixed labels to 
the palaeolithic cultures which properly belong to west European cultures and 
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are probably misapplied when affixed in thi$ w^y, unless it i$ understood that 
their use does not imply anything as to the age of the tools or the identity of 
their makers. It is indeed dangerous to extend these cultures across whole 
continentFor exarnplcp the whole prehistorie complex in Uganda is 
different from in Kenya-Tanganyika in its environment and raw maleriabp 

close mmlauon of the cultural stages of the two regions is not possible, 

In Burma the eulhires differ in several fundamental respects from those 
of west Euro^ and e therefore been given a new uamep the AnyatWan 
gifter the qolbqui^ Burmese for an Upper Burman). subdivided into 
different stages. Nevertheless, unlike the tar East which is devoid of the 





‘"M j. p™.«. 

ummim. s. A. Huuyyin, p|. L 


Various lower and middle palaeolithic assembb^ „ , 

required m recognising the work of the master and (Kp 's 

tinguishing between intentional and accidental and fSni 
sKgo. Confusion i, introdnetd by in«1SSu?c lSr^ "?* -nfinisiwd 
aunon of moB and burmn-msaiLuJa, „,hc «r*?nE”° f" 
tour copy™ by a pco^c who had on con.Ui» „i,?t"L™ 
too from differences of opinion in classifVin^ nartiyent^ '^ **°”* ” It anses 
failure to perceive that the French siicccSio? JT 

^ce«^ on account of racial differentiation then « now 
Palaeolithic, parts of Europe were simulUneouslv oJcui^iedT 
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characterised by totally different industries. Makers of the "^coup dc 
poing” lived west of the Rhine (they hailed from Africa) while cast of the 
river and as far as China there were flake industries. The French industries, 
for example, cannot be applied without modification to Italy^^s 
Germany according to Wiegers^^ w^ho has proposed for this country a new 
but in the opinion of most authorities unnecessary classification: Halberstadt 
stage (CheLlean), Hundisberg (lower Acheulian), Markklceberg (upper 
Acheulian)^ Weimar {lower Mousterian), Sirgcnstcin (upper Mousterian), 
Willendorf (Aurignacian), Predino$t (Solutrean), Thaing (Magdalenian) and 
Ofnet (Aaiiian). 

That a cultural succession existed is now qvenvhelmingly proved. Yet 
different cultures may be partly contemporaneous just as to-day the priniitive 
Tasmanians and the Fijians, who make polished stone implements, are still 
in a stone age.^^^ Nevertheless it k becoming increasingly clear that 
archaeology is dealing with a sequence of cultures and not of cultural epochs, 
each culture having a spatial as well as temporal significance. 

H, Brcuil'^^ and H. Obermaier^^ have gradually approached the idea of 
two great currents of civilisationT, the flake-culturcs^ largely Asian and 
distributed from China westwards to east and central Europe^ and the hand- 
axe or biface cultures, largely Eurafrican, and in Euroj>c w^est of the Rhine* 
These cultural streams do not run parallel and independently: they are 
perpetually meeting and influencing each other and even merging to produce 
new facies. Nevertheless^ they may be used for correlation puqioses since 
the succession ha$ now^here yet been seen in reverse order, Breuil divides 
the older Palaeolithic as follows: 


Ffake Indusinri 
{cold eJim^Uiy 

Mowiteruiii 
Lc vtlloin iun 
CSActDniiin 
Ipsuichian 


Hand-axt Iifdtuirits 
(fi'^rnn ciimalf} 

Micaqunn 

AdiniLLiifi 

Chellcjiii or Abbevilfaifi 


Significantly, the hand-axe cultures, which lire parHcularly well fitted for 
dealing wfith trees, wc)od or roots^ belong to interglacial phases and the fiake 
industries to the cold climates and the hunter’s life of the glacial epochs. 
Broadly speaking, the flake-tool cultures are found from the North Sea to 
China and those of the core-tool are restricted to Africa and westem Europe— 
they have in recent years been found east of the Rhine,^ e,g. at Hannover, 
Petersdorfj lower Saxony and Pfedmost. There were, therefore, during 
lower palaeolithic time at least ttvo distinct cultural cycles each made up of a 
greater or smaller number of differing though allied cultures. While this 
differentiation into parallel phylla may be true for west Europep it is seemingly 
not so for the rest of the Old World i for flakes and bifaces occur together 
throughout Africa, e.g. in Egypt, Belgian Conga and the Rhodesias, and in 
India. Future discoveries will certainly make necessary extensive revisions 
of our present schemes. ITie upper Palaeolithic saw the addition of a third 
cultural element, the blade and burin industiyp which had an immensely wide 
distribution. 

Men at the stage of phyaical evolution ex¬ 

tended seemingly down east Asia from Peking to Java and w'est^vards to north 
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India and to East Africa : they bad a culture of chopping e.g. in 

North China, Burma, Java, Malaya, and north-west India. 

Pre-ChcUcan. The earliest stage in the evolution of the great and wide¬ 
spread culture of the hand-axe or " coup de poing"" is the Pre-Chellean of the 
prly French archaeologists('*Proto-Chellean"^). Indefinite as to both 
its age and its form, it representa the lowest stage of positively recognisable 
human implements or, in the opinion of those who accept eoUtha, a transition 
to true palaeoliths. The maker w'as not designing an implement but seeking 
by a few' blows to fashion a sharp point or cutting edge.^^^ Such implements 
have been discovered in the Somme, in the Cromer Forest Bed, in Eclgiuin 
(Rutot's Stripyian^^) and at Swanscombe, Clacton and Torralba. 

Abbevillean (CheUean). The Chellean implements, named after 
Chelles 20^ Scinoet-Mame, have been rechristened Abbevillean by Breuil^^® 
since practically all the tools at the tj'pe station being to the iAcheulian culture. 
The tools, which were worked on both faces, generally by a hard hammer- 
stone or on a fixed stone anvil, are more or less pear shaped with deep biting 
flake-scars and a fair proportion of the original crust or cortex retained on or 
near the butt. These core tools tvere dressed by coaise flaking to form a wavy 
edge along the median line. Fitted to the hand or used as wedges they served 
the purpose of axe, saw' or chiselThey were used mainly for cutting and 
scraping and probably for skinning game^ WelUdefined scrapers supple¬ 
mented them. 

Abbevillean implernents are widely distributed (fig^ i6i )and like the succeed¬ 
ing Acheulian entered Europe from Africa and the Mediterranean; they are 
found in Italy^^^ and spread through France to Kent's Cavern in south Eng¬ 
land but are absent from central and eastern Europe/^ ^ north of the Black Sea 
and Caspian Sea, and from Palestine. It has been thought that they may have 
evolved from the core and flake industries of the Crags. 2 l 2 

Human remains of Chellean man are rare, for unlike Neanderthal man who 
largely dw'elt in caves {see p. 1032)^ Chellean man lived in the open. They 
may include, however, the Mauer jaw'^^tS teeth at Taubach,2l4 the Ehringa- 
dorf jaw^i^ and (most doubtfully) the Galley Hill skull 21^ (cf. pp, 857, 859). 

Aebeul ian. Acheu I ian implements (type station, St. Acheul, Somme^^ ^ ^ 
developed from the CheUean^ include the hand-axe which is still characteristic 
though usually smaller and lighter than the previous typ€ as well as flatter 
Md thinner and sharp^edged all or nearly all the way round. This axe with 
its pointed or rounded end is accompanied by the "cleaver” which has a 
straight and sharp cutting edge. I'he workmanship is finer and more elegant 
—the flake-acars are shallow'cr—due to the discover)' of the “wood techni¬ 
que ", i.c. the use of softer striking material, ultimately a bar of wood or bone, 
antler or soft hammerstone. '*^rhe flakes are less coarse and the edge is 

FJO. 160^—Early iinplt^ments and hand-UeS. Bnt. Mas. 1950, pi. J. 

I, deaver, Oldo\^l, Tangiui>ika Territory 1 a, cleaver, Boumemouth district, Hampshire; 
3, j^heultar!. pointed haitd^axc of late Micoquean type, Yicwslci', Middlesex; 4, Late Acheulkan 
3^nd-asc, Baumemouth, Hampshire- 5, nardifomi nand-aac of LrcvaUDis culture, 
Hole, Northfleet, Kent; 6, hand-axe of MousCerian culture, Lc Mousticr, I>DrdnH:ne; 

Ciacionian H^es, l^sal gravels of roo-ft terrace, Rixon's pit, Swanscombe, Kent^ 
lo. C Uctoniim flake reaemblini;^ a hand-iuce,^ ba« of too-ft gravels, BamHcEd pit, Swantcombe, 
11 k CEnctoniao flaiccSK J(l>'wlck, near CLacton, IJk highly luiighed tool 

pade on Clactoman type flflke. High Lodge HiEI, SutTolk; 14 and 15, Acheulian flakea struck 
m manufacture of hanrd-axe 4 , RixonV pit and Bamfleld PiIk SwartBCombe, Kent (all to 1 '3 






EARLY MAM 


8+4 

repeatedly retouched into an even and regular line to give a symmetrical 
shape. Scrapers were increasingly used, especially in upper Acbeulian time, 
probably because of the increasing use of skins consequent upon climatic 
deterjo ration (&ee p. 10^9)^ 

in the case of the previous Chdlean the deftnition of the AcheuUan has 
varied considerably^ As originally defined by de MorttUet^^^® it applied to 
all the lower Palaeolithic (^ver-drift of Evans) though he subsequcAtly 
renained nwst of it Chcl lean. T his tendency has recently been reversed and 
the Acheulian has been restricted at the expense of the Chellean which most 
probably arrived in Europe from Africa fully developed .219 The changes in 
the meaning attached to the various names^ make the literature of the 
different decades difficult to follow. 

Several Acheulian traditions developed in Europe, Africa and Asia, their 
characteristics depending on the assemblages of forms of biface: some were 
made from large pebbles, some of flakes struck from virgin rock, some of 
flakes removed from prepared cores. Breuil, mairily on stratigraphical 
grounds has divided the Acheulian of the nortli of France into seven sub- 
^nes Nevertheless these zones are extremely difficult to distinguish typo- 

Commonfs Chdlc^m), 

middle (III-Iv) and Micoquean, are recognisable.^' 

V west Europe, especially in the French 
valbysof the Seine, Mamcand Somme ,222 A separate culture province with 
quite technique, possibly a precursor of the LeTOlIoisian,2i3 

replar^ the Acheulian m Belpum.^ This is Rutot's Mcsvinian,2iS named 

extends throughout Africa from 
Nor^ Afna and the Sahara to the Congo, East Africa {Kamasian and 

Kanjeran pluvials), the Zambesi and South Africa; and into Palcs^e SxSi 
Arabia, Mesopotamia and India. raicstine, :»> ria, 

Mic^uoan. The biface industry of Micoque^i* is spread from Eneland 
to south^most France i27 ,,g. ,, the shelter of Micoque in the ^mlllv of 
\ezire, Dordo^e, m the ^rmne, at Traveller’s Rc^ Cambridge 3 at 
Wolvcrcotc in the bottom of the buried vallev of th^ ^ ’n r j 

Itscharaaerisdclan^olatehand-axestJe;?^ 

this is found in Palestine and 

evolved UvalloSan or Mousterian pr;^^r;ac£rding to" 

earherthanin Germany and south-east Europe. ^ ^^oustenan and so 
ipswiebian. The Ipswichian, the first of fl=i, • j . h, 
of small si^c, with retouch and a atrikine olatfor^^'^ 
variable. They lacked a definite plan ^ ^ ^ ‘ffeguJar and 


Ciactoniait. The Ciactonian of Breuil faicA " r„„li j- m , 

known ostcological connexions, marks an adva^P B^ck^dian ), of un- 
Ipswichian. The typical flint implement is a stout si’i t^e 

flaking angle, the pbne of separation beiuB m=,.i- with a steep 

the simple striking platform. Experimente havp^K^ oblique (iao'^ or so) to 

.ade«. -n-cb...., 
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for example in the brickearths at High Lodge^ Mildenhall, Suffolk, seems to 
demand a wooden striker* The industry is ba$ed upon the type found at 
Stoke Newington and at Clacton in Essex and at Northfleet, Kent.^^ 
Like the other fkke-industiit$ of lower palaeolithic age it is geographically 
restricted.Besides the places just mentioned, it is found in England at 
Hoxne^ Foxhall Road (Ipswich), High Lodge (Clactonian III) and Warren 
I liJ], Suffolk (formerly cla$sed as Mousferian) and in the higher terraces of the 
Thames 23 S (Reading, Swanscx>mbe) and in France at St. AcheuI, Abbeville 
and Monaco. In Belgium ^ it is represented by Rutot^s Mesvimen (see 
above). Elsewhere, it is found at Santander and in central Germany^^^ and 
in Afric ^*237 north and south, e.g. Morocco, Egy^pt, Sahara and Vaal 



FlOn j6t.^BrDBd dlstributiDn of middle pdacobthie iUkc-Enilturcs. t. Pure LevnlloUian; 
2, Moustcjiafi, with or without Le^^ioi^lHf^ lendcncica; 3, flokea with Mousterbn affinities 
in Eurasia; 4, evolved Hikecultum in Africa; j, otficr fiflfce cultures. S. A. Huzayyi^t 

n. 

River. The industry may be a modified survival of the early pebble-tcx>l 
industries of Asia and Africa which spread into west Europe.^^ 

The Cbctonlan in France is divisible into four stages (I-IV)^ the typalogical 
step beUveen 11 and III being particularly big* pi^ibly because of an absorp¬ 
tion of Acheulian metfiods,^^ It had a variety in the Languedocian of 
H. Breuil^ and CA'olved into Brcuil's Tayacian,^! an industry of small, 
coarse flake tools, found at Micoque^ in Portugal and in Palestine and Syria* 
which was contemporaneous with the advanced Levalloisian of north France, 
England and Germanyt the tw'o industries reacting upon one another. 
Skeletal remains of the ty^pe of Homo mpiem have been found with Tayacian 
implements in Charente2-^2 (Font^chevade). 
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Levalloismn. TKe Levulloisian of Breuil^’^^ is distinguished by its long^ 
broadj thin flakes with conspicuous bulbs of percussion and carved edges» 
trimmed with secondary^ flaking and o-f finer workmanship than the Ckctonian 
flakes. In this new technique a carefully prepared striking platform received 
the blow that separated the ready-made flake from the core and made the flat 
side. The plane of separation is nearly at right angles to the striking platform; 
Commont^^ described the mode of formation^ which introduced the techni¬ 
que of the "tortoise core”. 

"rhis industry^^ which coincided in its ^rly stages with Acheufian IV and 
Clactonian 11 was subdivided by stratigxaphical means in the Somme valley 
into seven substages. It appears to have evolved from the Clactonian and 
may have originated in Germany whence it spread into France and later to 
England and Africa, especially into Cyrenaica, Tripoli, Egy^pt, Somaliland 
and the north-east generally — ^it has survived in South jVfrica practically into 
modem times—and in L'ganda, Poland and England to the end of the 
Pleistocene. Like the Chellcan and the earlier Acheul stages it is found in 
the whole of western Asia including Anatolia, Arabia, Palestine and Syria.^^ 
Implements fashioned in the Levallois manner have been found associated with 
A/riemthmpus and Rhodesian man. Contact with the Mousterian led to the 
evolution of the Combe-Capelle and other subsidiary^ cultures. 

In many African industries^ e.g, the Victoria West and Fauresmith of South 
^Vfrica^ the Kafinian of the Belgian Congo (from Kalina near Leopoldville), 
the Nanyukian of Kenya (from Angata Nanyiikie), the Sangoan of Uganda 
(from Sango Bay in L^e Victoria), the Levdiois technique was used for the 
manufacture of late-Acheulian types of hand-axe. 

Mousterian. The Alousterian (or Moustierian a name formerly used 
for all the palaeolithic flake-industries (other than the upper palaeolithic 
"blade industries”)^ including those which were later differentiated as 
Levalloisian or Clactonian^, derives from the cave of Le Moustierp Vfefere, 
Dordognt. 24 S implements, more complex than the preceding ones, repre¬ 
sent a flake industry of perfect technique derived from some extra European 
tradition or evolved directly from the Clactonian in Perigord^"^^ or by a fusion 
of Levalloisian, Tayacian and Acheul ian ciementa^^; the flint was worked 
on one aide and then severed from the core^ one side only requiring to be 
dressed to give a sharper edge. The sloping lateral retouch is typical. 'Fhe 
implements also comprise a microlithic industry^* and numerous side 
scrapers and points. The industry^ was far from being homogeneous: it 
embraced whole complex cultures or a number of localised industries or 
phase$ ” which make exact classification difficult.^^^ There may indeed be 
no trueMousterian in England, the so-called Mouatcrian of this country 
being either Levalloisian or Clactonian III.^Sl Strictly, Mousteriiin in¬ 
dustries are those which it is considered were the handiwork of Neanderthal 
man. 

Fig. 163,—Hiknd^ax«s and nfin-LcMilEaU Bril. Mai. Guide, ''Flint* ji?s&, pi. EL 

Kitntj a, rosiocarinuiPr lKinc-l>Kl b^low Shelly Crajj, Ipswich; 3. pcbbic^tc»t 
0 [duvat. Tim^yika l>mtory; 4, pebble-tool, JO-ft terrace, Kafu River, Liifondaf pcbblc- 
tc>Q^, the Cr^, Bolton Lnughlin's pit, Ip^wjch; 6 and. 7, pcbble-toola^ gravels, 

Northcmi Rhod^ia; S, chopper, Konbylitmyint tcrrHce, Thittflbwe, Burma; 
g, Rioted hand-axc. Abbevillian Fordwlch, Eteni; 10, pomted hand-axe. Nliddle 

AcnciiJian type, woHdnR floor. Round Green, Luton, Bedfordshire; 11, Middle- 

AcueuiEaii pointed hand-ue, Milton Strtet^ SwanscomEie, Kent; 11, twisted ovate, %‘alley of 
the ^e, Broom, De^xin; 13, almond-shaped o^^te, Milton Street, Swanscombe, Kent {all 
10 I ,'3 scale). 
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A bone industry of Moustermn age has been found in a number of places^^^ 
e.g, at WiJdkirchli^ Diachcnloch^ Wildcnmannislochi Petershohle^ La Quinap 
Castillo and Crcswdl. 

The Mouatcrian, the middle Palaeolithic of some archaeologists,^^ was 
distributed over all Europe south of the ice-sheet^* though not with equal 
intensit>% the remaifis being least dense in France and Eelgiumi and near 
the northern Jimits of its territory and in mountainous districts, e.g- the 
Alps, Carpathians and EalLm Pcninaula* it was absent from the Rhone basin 
and the French Riviera. It ranged from Jersey in the west, where skeletal 



5000 km. 
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(EgJ-plJ; 8 , Kcnyi Alm^snaciai^; 9 , othtr faoei. S. A. Hyaayyin, ^43^pl HI. ^ 


remajns occur ^see p. 859), through England and Belgium to the Crimea 
and the plains of south Russia (where it forms the earliest palaeolithic 
honzon) and into Palcstrne (c,g. Galilee, Judaean Hills and Mount Carmen 
—this was probably Lcvalbbian and not true cave Mousterian It may 
also have extended into .\sia Minor and the Caucasus, to east Siberia and 
north China and into North Africa between l unisia and Morocco and 
across the Sahara to 18 N. Here, as the Aterianis? (from Bit el Ater in 
Algeria), it is widespread on open sites and contains an evolvt^d Acheulian 
fbrrn of hand^axe, with new featurw, especially small points with barbs 
(probably used as arrow-heads), and unifacial and tanged pointed flakes’ 
It probably survived much later (postpluvial) than in Europe 
ITie source of the Mousterian was doubtless .Asian, Rhodesian nan ^9 
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[H. rkode^enm) was possibly an independent dcvelopTneni of the Neanderthal 
stock and related to the Australian aborigines through the Talgad skull 

Aurignacianp The upper Palaeolithic, comprising the Aurignacian^ 
SoLutrean and Magdalcnian, u-as a time of rapid invention. The low-est 
division^ first reported from Aurignac^ Haute-Garonne, is the most important 
of the three and extends over Europe* Asia and Africa. Its greatest invention* 
evolved from the end-scraper^ was the engraving tool or fry™ which has a 
narrow transverse edge like that of a chisel or gouge and first appeared in west 
Europe. Chairactci'btic too were the cannated scraper. La Gravetie flake, 
which evolved (apparently from the Ch^telperron type) tow^ards the end of 
the epoch, and a new and distinctive typCi the Chitdperron point or backed 
blade (found in France* Poland and Palestine); this was smaller and neater 
than the rather triangular Audi blade, was curved, and had a cross flaking 
along the back for the user’s fingers to press upon« These and other imple¬ 
ments of this age ^vere distinguished by their fine flaking or “ Aurignacian 
retouch*’. 

The succession of flake industries gives the five-fold division of the Auri- 
gnadan into the Audi (named after the roct-sheltcr of Abri Audi^^)* 
Chitelperron^*^^ of the middle Auiignacian (with split-base bone lance point— 
point d'Anrigmc—kocl^d and nosed scraper and beaked graver), Gravette, 
Pont-Robert and Grimaldi sitages* these possessing double shouldered points. 
The “points” serv^ed as the tips of lances, darts* arrows or other hunting 
missiles. 

Following the suggestion of D. Peyrony, the low'cr two divisions are often 
grouped together as the Perigordian, the middle Aurignacian being termed 
the Aurignacian, and the upper divisions being called the Cravettian. The 
succession may, however^ be more complicated than this. 

A great advance is signalised by the general introductioit of bone* e.g. awls, 
from horse or reindeer. The use of mammoth ivory, w^hich is rare in the 
lower but increases into the upper Aurignacian, is particularly characteristic 
of Moravia, e.g, Pfedmost,^ Aurignacian ait followed an evolutionary cycle 
not unlike that of the later Magdalenian (see p. 856). A prototype of the 
harpoon %vhich became so characteristic of the Magdalenian (see below) has 
been found in France (Charente). 

In west Europe, the Ch^telpcrronian (the earliest identifiable phyllum of 
tlie blade culture) and Gravettian follow each other and to some extent inter¬ 
mingle, giving the classic French sequence. This resulted from successive 
immigrations p superimposed perhaps on a certain amount of local variation and 
development. The idea that the Ch&telperronian was an intrusive culture 
evolved from the lower Capsian of North Africa has fallen before the demon¬ 
stration that the supposed prototype of their culture (Capsian) is much later 
in date (aee below^). It may therefore be regarded as of eastern originp^ 
generated in some as yet unidentified nAsian centreor directly evolved 
from the contact of Acheulian with Levalloisian,^ possibly in central Europe 
or South Russia. Blade-cultures in Palestine and east Africa, in company 
writh late-Acheulian, suggest an Asian origin for the blade-cultures. 

The Aurignacian proper (middle Aurignacian), with its characteristic 
technique, statuettes and bone tools, features unknown in Africa, was in¬ 
trusive and sprang from an Asian source,^ possibly in the Iranian plateau. 
It can be traced across Europe through Lower Austria* Hungary, Rumania 

54— 
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and the Crintea into Tranacaumia, Anatolia and Palestine where it ia abundant 
and covers a longer period than in the west. It is absent from Sivitzer- 
land, Italy and Spain {except in the extreme north) and from Portugal where 
industries of Mousterian tradition persisted throughout the last glaciation .270 

The Gravette industrj' was very widely distributed^^! in central and eastern 
Europe; it spread over the Russian plain from the Don w'estw'ards to the 
Carpathians and through the Moravian Gate to the upper Danube, all over 
west Europe to England and Wales, Belgium and France, and southwards 
into the Iberian Peninsula and Sicily. In Asia it occurred in Kurdistan and 
west Caucasia. The very distinctive female statuettes, made from mammoth 
ivory' or hnc-graincd rock, are found in Austria, very abundantly in Russia and 
very sporadically in west Europe. 

The Aurignacian is found In west and central Europe (fig. 163), including 
such celebrated open-air stations as Willendorf and Piedmost, the “diluvid 
PompeiiIt continues into Poland ,272 a^uth France (= GrimaJdJan^^J) 
and north Spain(see above) and westwards into England 275 (Rt-nt’s 
Cavern, Paviland, King Arthur’s Cave, Cae Gwyn, Fynnon Bcuno and 
Creswell and surface finds in the open country, e.g. the Oolite ridge of 
Lincolnshire). Here the upper Aurignacian is a distinct local facies with 
semi-geometrical points and a special development of the proto-Solutrean 
points which replaced the typical laurel-leaf points in England, except in East 
Anglia. The Aurignacian wandered westwards through south Russia and 
south Poland and to the north of the Carpathians and abo along the Danube. 
Unlike the development in the lower and middle Palaeolithic when Russia 
was very poor in these cultures—there were no true Chcllcan or Acheulian 
and less than 12 sites in all—almost every- variety of flint industry known to 
west Europe is found in Russia during ih'c upper Palaeolithic except the very 
specialised ^'pe of the “ classical ” Solutrean 276 (sec below). ^ 

The Aurignacian has also been traced in Asia, as in Transcaucasia Syria 
and Palestine, 277 India, China and Mongolia,278 and the Y^enisei in Siberia 27? 
and progressed southwards through Africa.^ 

In many areas it was not disturbed by the Solutrean and Magdalenian hut 
continued to dcv'clop independently. This ’’developed Aurignacian" has 
been assigned various names, including the CreswdJianS*! (from Creswell 
Crags), which persisted into the Mesolithic and includes the open-air sites of 
the sand-dunes at Scunthorpe, Lincolnshire ,262 the Grimaldian2« of jtaly 
and the Cote d’Aaur (see above) and the Swiderian of Poland (:= earlv 
Mesolithic) and east Europe. 28 i A revival in the British Isles of earlier forms 
by descendants of Aungnacians who found new uses for them has been 

postulated .285 



Dordogne valley' belong, 2«7 may have been derived from the 


'Caux in the 
same Asian 


root which gave the Capsian. 
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Africa during the upper Palaeolithic was something of a backwater: in¬ 
dustries of Mousterian type lingered on until after the arrival of blade cultures 
in a relatively late stage of development. Such was the Kenya Stillbay stage 
of east Africa, which was a Lcvallois derivative in which ^me Acheiilian 
elements survived. The palaeolithic industries of South Africa have been 
correlated as follows2SS; 

-Sourift Africa 
Wiltoft 

Later Stone Age SmiEhficld C 


Middle Stone Age V'arlciy of industriee widi Mousterian 
Mousterian Affinities 


Fauieainith Achciilo-Mouaterinn 

Early Ston^ Agt %^icfOrLii West Froto-LcvaJtoU 

&Ccl]cnbD3cb AhbcvilleiLEi 

The Stellenbosch is regarded as a relatively pure offshoot of the same 
source as the lower Palaeolithic of North Africa; the Victoria West was 
evolved locally in dolerite country, more especially the Karroo; and the 
Fauresmith, descended from an amalgam of Acheulian and Lcvalloisian, may 
be equated with the Micoquean.^^® Smithheld A and B were definitely 
assoejated with rock-engravings in dolerite areas, and the Wilton with cave- 
paintings of the Union—the Wilton race, which was still in existence in the 
t6th century a.d .,290 came from the north. The remains of Boskop and 
Florisbad types may belong to the middle Palaeolithic. 2 iH 

The dominant industry in North Africa was the Caps! an,first dis¬ 
covered at Capsa in Tunis but of unknown ancestty. It is the Gc^lian^^^ 
of cast Algeria and south Tunis and the time equivalent of the Aterian of the 
Morocco seaboard (see p. 848) which expanded from the Atlas Mountains 
over rnuch of the Sahara to Egypt and the Sudan in the cast (a protected 
survivor of the Mousterian^), and of the coastal Oranian^’S (also known as 
Ibero-Maurusian or Mouillian), a poor industry' of tiny blunted blades, found 
in west Algeria between Tunis on the east and CasaHanca on the west and 
well exemplified in the caves near Oran. The Natufian^?^ of Palestine is 
roughly parallel with its latest phase, 

Capsian implements were largely blades (of Chatelpcrron and Gravette 
types), blade scrapers and angle burins with (especially in later stages) geo¬ 
metrical microlitha (trapezoid, rhomboid or triangular in shape) and large 
bone needles. The microlitha are traceable into South Africa (the buahmen 
up to a recent date maintained a mierolithic industry) and into Egypt, the 
Crimea and Phoenicia.^ Ostrich egg-shells were used as vessels. Its art, 
superior to that of south Europe, depicted complete scenes instead of the 
isolated figures of the French cave pointings and drawings. 

TTic Centre of origin of the Capsian is obscure but may have been cast 
Africa ■ the industry which was aa inland development~thc coastal industry 
was the Oranian—and belongs to the end of the Palacdlithic^ may have 
entered Africa Minor already fully developed by way of the Sahara." At a 
later date it was destined to appear in Europe as the Tardenoisian (see 
P' S74). 


Europf and North AJ^a 
Upper Capsian 
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Solutrcan. The Solutrean {type station, Salutre,»s Saone-ct-Loire), 
though of very short duration, is the culmination of the art of flint making. 
Its fiELlces sire flat and remarkably thint sharp edged and perfectlv symmetrical. 
They are distinguished hy the beauty of their secondary or rippJe flaking, 
achieved by a new t^nique of pressure by a bone or wood point instead of 
bJows (V\ J, SolJas™ has described modern methods of pressure flaking), 
Ihis was foreshadowed in the upper Aurignacian by the expansion of the 
retouches at the top and base of pedunculate points at Font-Robert and other 
places. 

'I hc Solutrean had three phases, each distinctive in its features and distri¬ 
bution: (fl) the proto-Solutrean of the mountain caves of north llunearv 
tvhere it is primitive and pure and probably autonomous and had a background 
or Acheulian, and in Moravia where there are signs of admixture with 
Auri^acian ^aracteis, as well as in Belgium, north France and England 3i» 
Paviland, Cae Gwyn, Fynnon Beuno, Uphill, Wookey 
Hole, Brixham, Creswcll, Ipswich and other places in East .Wlia): fil tvnical 
or early ^lutrean, with laurel-leaf points {ftmUes-di-hurierV intlunFarv' 
hloravia, Poland, Bavaria, w-cst France and north Spain; and (e) late SoUitre^ 
with a revival of the upper Aungtianan shoulder-point (poinfe d ermt) con¬ 
fined to west France south of the Uire, and followed either by the extinction 
^the culture or its submergen^ in the rise of the Magdalenian, Thus the 
Solutrean, like ^e succeeding Magdalenian, is far more restricted than the 
earlier cultures(fig 163) being confined to the plains of Europe. Jt is 
generally thought to have originated in eastern Europea “primitive 
M^T-’ pr^umors of the laurel-leaf point lies betw«n 

“303 Solutrean above in the caves of Pallfy. Balia and 

S^leta in Hungary3W-and to have spread westivards along the I^nube inm 
Ausm^ Moravia, Bavaria (e.g. Ofnet, Klause), Wurttemberg 
England {sen alMve) and south France (where it is an episode ufterrupting the 
gpologtc^^ries Aungnacian-Magdalenian) and round either Sd of lhe 
P) fences into north Spam — it has however been suggested that th it 

originated here or in .Mrica from the fusion of GaveSw At nt m ! 
that the proto-Solutrcan of Hungary is not original but peripheral Tho^b 
pr^ent m Moldavia and Bess^bLa,^* the Lutrean is ^ 

Crimea and Caucasus, from the country east of the Rhonp l 

whole of the Mediterranean region including Italv^o? where the Auri^r'^* 
continued thTOUghoi^ the entire upper Pala»lithic,«8 33 well L fm^M^ 
North MricsL Contact between Mousterian man and the Jfnn? ^ ^ 
Iithic races led, however, to the evolution of a laurel-leaf owJnr tb 
including north, south and east some archaeologists believe thelrT'^f'^®' 
originated in .y rica as an offshoot of the MousteS ^ S^I^ttean 

Magdalenian. The Magdalenian, named from the fvrto. 1. 1 x 
Madeleine,^10 Dordogne, originated apparently in a renaissance o/thi'*"^ 
Aurignacian, Its flint implements, often badb elected and 
were less elaborate and less complex in style^W th " 

Solutixsn and display the minimuen amount^of finish anH*a ^ 

nxre simple fiakea tvith jenerally per er no Uon^ ohL1r',r, 
que had degenerated and the Solutrean touch was lost 
a wide t'arie^ of smaller implements for fashioning bone sSd w!® 'ncluded 

Magdalenian man worked in reindeer and dfer hoi^ in f ' ■ 
especially in amber.^n Tools of bone, horn and mami^imh 
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pkntiftil and developed with the utmost skill and art. The bone needle, 
which wa$ sparing in the upper Aurignacian and Solutreanp now became 
abundant. Arrow and spear heads we re adorned with simple incised designs. 
Multi-barbed harpoonSp the earliest fcnotvri, were the characteristic weapon 
and were used for fishing (fish are fibred and at Mas d'x^^il a fish is drawn 
pierced by a harpoon), projected possibly by propolseurs. They w^ere single- 
rowed in the middle Magdalenian and double-rowed and richly decorated in 
late Magdalenian. 

The Magdalenian^ therefore, is subdivided into six phasesbased upon 
the shape of the lance points in the lower Magdalenian (= 3 divislon$) and 
of harpoons in middle and upper Magdalenian. The first three OLny on the 
West Gravettian tradition of flint-work, with bone lance-points either forked 
or bevel-ended for hafting. In the subsequent stage there appears the new 
device of tlie barbed throwing-harpoonp with a haft at first merely notched, 
then barbed on one side (stage 5). and finally barbed on both sides (stage 6)* 
first cuiA^ed, then angular. The evolution was probably connected with the 
growth of forests in Europe (sec eh. XLVIII)^ the increased difficulty of the 
chasep and the use of harpoons for hunting or fishing and of microUths which 
Were probably attached to shafts for this purpose. The Magdalenian food 
gatherers occupied during the sumniftr river mouths, lake-marginSp bogs and 
other wet places, so that in addition to hard flint and stonc^ various perishable 
materials have been preserv^ed — antler and bone axe and adzCp sockets and 
bladesp harpoonSp arrow^ heads, net-making needles, bodkins and fish-hooksp 
wooden clubs, paddlc^rudders, string nets and bark net-floats. 

The Magdalenian w'as a French development. It arose from tlie Gravet- 
lian in the Pyrenees 3 - spread into north Spaincentral France, 
Sw 1 tzerland ,^^5 Germany (more than 30 stations), Austria and Czecho^ 
slovakia^^® (batons, needles and double-barbed harpoons have been found as 
far east as Moravia) and less frequently into Belgium and atypically into Eng¬ 
land fWretham Heath, Kent's Hole, Crcswellp Chcddari Colne valley, 
Aveline's Hole, Gough's Cave, Victoria Cave)+ It is unknown in eastern 
Europe, in south Spain, Italy (see above) and throughout Mrica*^^^ Like 
the Solutrean, it is absent from India where there appears instead a 
mesolithic culture with typological relationships to the Capsian of Syria and 
Africa.^ Upper palaeolithic decorated caves occur in central and south¬ 
west France, the Pyrenees and central Spain—outside this region they areknowm 
only at Petcrshdhle in south Germany and at Romanelli in Italy and in Sicily, 

During the Magdalenianp migration on a wide scale gave way to local varia¬ 
tions of the culture already in possession. Thus we have in Italy the 
Grimaldi, in south Russia a degenerate industry of Gravettian tradition, in 
Palestine and possibly the Crimea a hybrid Aurignacian, in Nubia and LFpper 
Eg>pt the Sebllian, and in north Germany the Hamburglan (sec p. S80) of 
the Older Dry as period, though the Magddenian sunived in north Germany 
into !ater times, ^20 e.g. at Rissen near Hantburg, In England, the upper 
Palaeolithic remained basically the Gravettian, and the CiTcgwcUian shows the 
typical blade-knife ever diminishing in size. 

Life of palaeolithic man. Palaeolithic man had an upright gait and 
posture~his hands were free to capture and kill his prey, tp skin and cut up 
his animals, to erect protections against the weather and to perform numerous 
other tasks. To judge from his known remairis (which sometimes show 
pathological conditions'^*), he lived but a short life,^^ like mesolfthic man. 
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and seemingly rarely died from natural causes. Dependent upon the chase 
for his food and upon pelts of horse, bison and reindeer for clothing, he 
hunted reindeer, especially in upper palaeolithic time (late Magdalenian of 
south-west Europe and the Hamburgians and Ahrensburgians of north 
Germany and northern Holland) when hunting was by barbed harpoons^ 
at Munaingen reindeer remains formed 5 % of the total booty, at Kcsslerloch 
79 - 4 % and at Schwei?.efsbild 75 %^^ and at SteUmoor almost ioo%J24_ 
horse. e.g. at Solgtrc. mammoth, e.g. at Pfedmost, bear, c.g. at Mbtnite and 
, I,, Alpine caves^^i (especially in late autumn), Bison priscus,^^ 
cattle and deer— 70 % of the animal remains found at Chou-K’ou-tien 
were deer Smaller animals, e.g. hare, fox and marmot, were of little im- 
portancej and in the case of lion, panther and hyaena man was probably the 
hunted and not the hunter Like modem Eskimo he sewed the skins to¬ 
gether into clothes, using bone needles and tendons of reindeer for thread- 
stylish scratched figures occur in the Moravian Palaeolithic.328 skins were 
probably used for holding water and for the making of shelters and wind¬ 
breaks, Primitive spears were replaced by javelins, soon hurled by 3 throw¬ 
ing stick, and th^c m turn by bows and arrows. Birch-pitch was probably 
used m upper palaeolithic and later times to fix flint blades into their handles 
and to Kcure arrow heads to their shafts. 329 He Inhabited sea-shores and 
^thered impets :md mussels in Neanderthal and Grimaldi times 330_^juu 
his glacial shore-sites are generally now submerged (sec p. nr cl those of 
mterglaaal time are stiji accessible, e.g, the Abbevillian and Acheulian of the 
Mi]a 22 iaii and Tyrrhenian of Portugal and Morocco and the Levalloisian in 
Jersey. Apparendy he did not practise fishing except in upper palaeolithic 
times, i.e. from the Aurignacian on, since while fish remains am almost un- 
from earlier layers33J they are abundant in the upper Palaeolithic- 
fishing par, c,g. the fish-sf^r is known, and fish are represented in cave-art 332 
(e,g, pike, trout, sahnon, flat fish, tunny). Fishing may have been done by 
striking fish through holes in the ice, by the use of line and eoree-hook nX 
and Ae funnel-shaped trap. The boat came In with the Mesolfthic 333 p „ 
Maglemose. Palaeolithic man may have killed birds with 3 sling 3W though 
many of the bird remains are probably attributable to birds of pre? or to smill 
rodents or fox or arctic The Hamburgians at least seem to have shot 

birds by bow and arrow; whi e m flight,33* his personal decoration 33? he 
used shells, fossils, minerala and mineral substances (amber iet cannel 
juarta, fluorspar and ochre), bones and pierced teeth, made into 
neck ac^ or sewn mto fur ^rmento and hoods. That he subsisted paiSv on 
vegeteble food is suggested by the hackberry endocarps (Celtis 
plated wij Peking Man 336 Rock-paintb^s of eastern Vi-t sh^iftha^ 

fv? k-'** “lltcted m upper palaeolithic timeJ^J® Finds in 

China and at Ofnet, Krapma, Ehringsdorf and Grotta Guattari seom .T 

that, contraiy- to an earlier Siaantiiropus Neanderthal TnH 

palaeolithic inen were i^nihals.341 Human boCVashiontd iS talyInS dl 

hi? H ^'nt to the same conclusion. Apai from 

his defence by fire he was vulnerable to attack by the wild animal^ Thi u 
overcame by carefully sited positions,343 1 ™ jn caves or at rh 
here belong more than half of all palacolith^ stations^n th ^'’^rancesr-. 
and especially within their mcandcm, e.g. MaiJSS^rSu^i 1 

and Abbeville, or on the promontories of lakes, e.g. Habute*Taufi^rk™'^"® 
dorf and Weimar. ® «aDutz, i aubach, Ehnngs- 
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ric was ignorant of agricuJtural operations {though wheat of Magddcnian 
age has been claimed^) and^ save for the dog at a late period, had no 
domestic animals, though E. Pietle^^ and T. Studcr^ suggested he had 
tamed the reindeer. He was unawrare of the arts of spinningt weaving and, 
with an occasional and doubtful exception^ of the making of pottery — 
the exceptions are in the Mousterian of the IMousterian or lower 

Aurignacian of Ipswich,the upper Palaeolithic of Belgium (cf. p, 874) 
and the upper Aurignacian ceramics representing animal heads and anAropo- 
morphic statuettes (but not ves^ls) in Moravia — the earliest ceramics are 
otherwise from the early Campignian of Belgium and the early Tardenoisian 
of Brandenburg, Cro-Magnon man at least may have been able to count. 352 

During the warmer periods palaeolithic man inhabited open plains and 
broad wooded valleys, living in light artificial dw^ellinga or tents of the kind 
depicted in the tectiforms of Franco-Cantabrian cave art^^^ (sec below)—the 
tectiforms may however represent traps used in hunting animals—or used in 
Magdaleman times ,^^4 in winter houses sunk into the ground as in south 
Ru$sia ,^^5 I lere the mantle of loess has sealed dowm the open stations of the 
upper palaeolithic hunting tribes^ preserving even the plans of their houses 
(the oldest artificial dwellings know'n in the world) w^hich belong to the same 
general family as those in use more recently In Greenland and the extreme 
north of America. Similar rectangular hut sites of palaeolithie age have been 
found in Chechoslovakiawhile round dug sites of Aurignacian age a^^^ 
known from the Danube basin. ^^7 \ wind break of wood may have been 

used in the Hiamcs valley. 

The mode of life in the forested Mediterranean is not knowTi. 

During the colder periods^ early man lived in or at the mouth of caves or 
shelters tvith wind-break screens of boughs and skins and an artificial pave¬ 
ment underfoQt+^s® c^g, at Kesslerloch: dampness of the caves caused diseased 
swellings and inflammation of the bones of both man and animals. He knew 
the art of fire^^^ifl 33 hearths^ ashes» charred w^ood and bones and pot-boilers 
(even on bw'^er palaeolithic sites) shotv, e.g. at T6ting near Metz, in the 
Chellcan of Torralba, in the "‘'Alpine Palaeolithic^' and at Chou-K'ou-tien 
{"'Cereis blaeki")^ as w^ell as in the pre-palaeoIithic deposits of the South 
African man-apes^ though since signs of fire are absent from some sites it is 
possible that some lower palaeolithic groups ate their meat raw or perhaps 
dried like bittong^^^ By the use of fire he had security at night from predator>" 
creatures, and he was able to move into colder climates, cook food, shape 
tools and hunt animals (see p. 1398). He may have used primitive lamps fed 
with bear fat^*^ as a protection against cold, in the preparation of food and 
for lighting. Where suitable wood existed this was also used for this pur- 
pose^ 3 <S 3 An elaborate ritual of interment 3 *^ Avas practised, as at La Chapelle 
aux Saints and l,re Moustier: the crania were separated from the bodies and 
placed facing the setting sun, as at Ofnet, 36 S ^vhilc at Cro-Magnon the bodies, 
fully extended, were buried wdth offerings of food. Ceremonial burial wbs 
apparently relatively common during the upper Palaeolithic and there are 
suggestions of magical practices. 3 ^ These were performed in recesses in the 
caves which are difficult of access. The cave bear was connected with his 
religious conceptions. 

The palaeolithic population was probably very sparse. Thus the popula¬ 
tion of Britain^ during upper palaeolithic times may have been only 250 
during the Avinter months, during the Mesolithic 3000-4000^ during the 
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Neolithic aOjpoo and during the Middle Bronze Age 30,000-40,000 The 
num^r of Neandcrth^ers living in Europe at any one time may have been a 
or a few thousand. At the end of palaeoli thic times th^ world's 

population was probably not over 10 million.^6^ 

nf^ianA !^? ^^0 indfcationsof primitive artistic activities 

of Neanderthal man,JTO ^rt was practised only by upper palaeolithic man 
Art 15 unicnown from Ch^telperron time but from the very base of the 
Aimgnaaan ivory feminine statuettes appear which later are replaced in 
various Bavarian sites by animal figures, 'fhe inception, development and 
deeay took place in two independent cycles of evolution, the firs^t of Auri* 
^acian and P^ngordtim age, the second of Magdalenian age, Jfi examples of 
^lutrean art being relatively few, as in Charc^te,J 7 i and possibly executed 
b\ Aungnacian man in Solutrean times. 373 The jr 

the Perigordian which link the two great centres of rock painting of^^p^ish 

M^dalenian e^ravings of stone and bone occur in Belgium 374 and a 
Pleistocene drawings, etc., are known from Sw£erlan“ 37 
^glish eAampJes376 rare; they include a canned bone (horse Vi sher- 
^me, Dofict; an incised figure of horse and engraved rnasked horse from 

3ipper palaeolithic art, first discovered in the cavern of itrami k 
M. de Santuola and described by E. Lartet and H Christi.' 378 * u 

Ih, ^ration of «iM „f cl^monW , 

origin,BpnjMy ,hn enrtom of huntingTnl i 'fc Z 
pnmiliye poopica. It included sculpnim in the'round^S mldSi i 

tvoiy sculpture reptwtnt mammoth, panC”Ll Ifldt 'I,' 
reindeer380^and m relief, drawinEs iiaJnrirtai ^ t,a and 

possibly from direct studies of dMd^animal?3a] 
demlopmcm have been recognimd »“ SStVw hv 

d.po.it> and the .upenmaition of mural liguljl', aubdi .ide?teli' 1“^ 
rpttdM, (efcpfmaftea a„d <,>p,,uim) m,d (roagift^ f'YiE I™ 

rh^ itogea ahnw a progremivo degeneration of natSrenSl^f^ 

wards conventional and simple geometric pattemsShe 

more schematic in Poland and Moravia^which includtH ?h « 

whieh are ofmtt interpreted on mdimenta of SS a, ^ a ™' v™‘" 

pr^ion of precise idtas (set above). ^ ^ ^ graphic ex- 

The materials used were crayons, powdered ochre imm eveo„ 
matter, pyrolusite and kaolin, with mortare scratches a n4^' 
oe-hre. etc., was cither appUed as by k. k 

chewed branch, or by pads of fur or fathers^or brushes made of a 

as a powder through a ■‘blowpipe” made of recdlr^h T 
leading motif is the animal fonE; feh.7«r blon 

ftd deer, mammoth, woolly rhinoceros and occasiotal^'S reindeer, 
deer, lion, hyaena and glutton were portrayed wiih strif 
dnnwnga havo proved ,„y u.eft.1 for tl« ra.o“,t.“aW 
woolly rhinoceros 3 W and cave bear 387 Game vh-a. mammoth ,385 

the horse (In France), red deer (in ^ain) and bison 

■ ^ o^cracm;an$ a^d 
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reptiles in palaeolithic art have been described and figured 389 and the 
animaJs have been iistcd .399 Birds are relatively rare, plants still rarer, and 
reptiles and invertebrates practically unknown. 

Pictorial art^^ on the walls of c*ive$ and rock-shelters is restricted to the 
district surrounding Les Eyzies in the Dordogne^ the northern slopes of the 
Pyrenees p the Cantabrian Mountains and the Mediterranean coast of Spain. 
Decorative art on objects of utility, the so-calkd art mobitier^ is much more 
widespread, cxtcfiding to Russia in the east and England in the west. 

Human palaeontology. Since A. Boue discovered, in 1823, a palaeo¬ 
lithic skeleton in the Belgian loess, remains of over loo individuala of palaeo* 
1 ithic man have bee n found, most of them in Europe. Excel lent summaries 391 
of the anatomical details have been published while the Fassilium caialog^sx 
Iloniintdae fiyssili^ gives the complete world literature up to the year of 
publication (1936) and the Caiahgue (fcr llommes {CR- C G* AJgiers* 

5p 1953) the literature up to 1952. 

The palaeolithic skulls may be tentatively referred to the following 

hoii 2 ori $392 

Magdalenian: La Madeleine, Laugerie-BassCp Cap BlanCp Les Hoteaux, 
Mas d*Azil, Grottes des Hommes* Ca^tillOn Obercassel, Balia, Duruthy, 
Chancelade, Placard, Sordes. 

Solutrean ; Briinn^ KbusCt Laugerie-Hautc, Le Roc, Neu-Essing, Brux, 
Pfedmost. 

Aurignacian: Engi^^ Camargo, Castillo, Combe-CapeUe, Cro-Magnon, 
EuKien, Grottes de Grimaldi, Paviland, Solutren 

Mousterian: Steinheim, Elmngsdorf, Mount Carmel, Pech de VAzi, 
Crimea, Neanderthal, Galilee* Gibraltar* Jersey, Rome, La Nauletie* 
Krapina, LaQuina, La Chapelle aux Saints, I-a Ferrassie, Moustier, 
Malta, Petit Puymayen, Sipka, Spy (see below). 

Acheulian: Ehringsdorf, Krapina, Taubach, Sw^anscombe. 

Abbevillean: Maucr? 

The oldest skulls are those of Mauer, Heidelbergi Trinil and Peking- 

''The earliest Pleistocene man stood erect: even the Dryopithecinae had an 
upright or semi-upright posture. Broadly, three stages of increasing morpho¬ 
logical complexity may be recognised: the early stage, of Sinaniltropus and 
Pithenanthropus, placed generally in the fi rst inte rglacial; the Neanderthal stage 
(including Heidelberg man and AfrkanfhrQpm) of MindeLRiss and Riss- 
Wurm interglacial; and a third stage of lloma stipkns fossihs (Homo sapiens 
diluvtalis) of the last glaciation—S* Sergi has termed them respectively 
Protoanthropus”/* Palaeanthropus""and “ Phanermthropus^*. Nevertheless, 
remains with characters of Homo sapiens^ it is cbimed^ occurred in Europe 
before Neanderthal man, viz. Denise {1S44), Castenedolo (1860/69), Olmo 
(X863), Galley Hill (1888), Piltdown (1912)^ Ipswich (1914), London (1925). 
Swanscombe^^J (153^) and Fontchevade (1949). Of these, the last two only 
should now be retained; the fluorine method proves that the Galley Hill 
remains, like those of Dartford and Bury St. Edmunds (see p. 859) 
are end-Pleistocene or early Holocene. 394 ^''he rarity of pre-Neanderthal 

skeletal remains may bo due to the fact that these early men listed in open 
counttyj rarely frequented caves and perhaps neither buried their dead nor 
practised head-hunting. 39 S 
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Java man* Java man, Pitkecmthropui erecUts, Is based upon discoveries 
made in 1891,1937 and In later years in the Trinil Beds of centra! Java, The 
remains melude a female cranial vault, small and dolichocephalic, mth ape¬ 
like supraorbital crests and low receding frontal bone, three molar teeth and 
a thigh bone essentially similar to that of modem man. Unfortunately, not 
only 35 the actual rebtioB to man obscure—some anthropojqgists^^^^ for 
example, refer the remains to a gigantic gibbon—but the remains are of un- 
cert^n age since they are unrelated to the Pliocene or Pleistocene of the 
noi^em h^tsphere, had no associated flint industry—while the chopping 
tool of southern and eastern Asia may represent the cultures of 

men of the t^theemthrffput-Stimnthtopus stage of evolution,the Sunciran 
implement belong pmbably to Homo wfoensf, 3 »-and had neither cleohant 
nor horn but a purely .Asian fauna. E, Dubois,^ the original discoverer, 
p aced them in the upper Pliocene, as did others«« on the evidence of the 
plants and anraals (= secies of hippopotamus and Stcgodon), Others put 
them m the Cromenan«2 or in lower or middle Pleistocene^^ fthe fauna 
res^bles that of the Narbada valley of India) or in the upper Pleistocene.-l^^ 
H. modjok^tens!^ is ajuvcnile specimen of Pitheemthropus erectiu or more 
probably of P f/o™ on elfven skulls and on 

skull fragments, found in the Solo River terrace near Xgandong, central lava 
IS a distinct form descended apparently from Pithecanthropi^: It mav"^^ a 
link with the modem Australoidsor with Neandcrthid man^w Ah/ 
canthrc^.s was probably short in stature (t 5 m) with beetling brows, sloping 

The forms include pale^avanku,. Pithecanthropus 

dubius, P. modjokertensis, while the Trinil beds have P erect,a 
Npndong beds Homo soioensis. Sumatra has yielded remains of oala ^ 

Peking man, Peking inan,-*'^ Sinanthropuspekhtensis Black^'^ iPiih/vm, 

IduhTaJd Mh' males and 

adults and children, of Avhich no sinule specimen is -in a * 

jsl only of tt«h, i, an indoponden, ho'US ™ 

Ncnndcrth.1 man and shon4 deBnilc anthropoid'plSl. t''" “ 

particulars. IS The remains were found in the search for thp e 
“dragon stones" (mammoth, etc.) at Chou-K’oii-iien r tv% source of 
of Peking, with much charcoal and evidence of the use of ^e 4^^ fh j 
antler industrj- 4.7 ^nd a few thousand ^efacts'i* ofT 
qua^. which bemg aty pical it tvould be vain to assign to anv^S^«Prnl'^"^ 
Although the Jaw presents the same simian 
doubts when the Piltdown jaw was found (see b^w) Sinanthrobut 
to a generalised and quite progressive type not far removed from tb^ ^ 
which gave rise to Neanderthal, RfiJdesian and other 
possibly more pnmitove than Pithecanthropus or a Chinese v^!' . r i 

and identical with Homo fj^anthropus) loloensis of ja™ 

Pithecanthropus and L^anthropus^li EarlS bimf* 

Mnlaynn ,r« worn the follonf ng n»t. primiti^^t! “I- ^ino- 
Gi^loflthtem Math-, hUgunlhropas pJojacuAu, anS^,S 
rotote (. r. ^dyohertenri). “C 
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been thought to represent the Pithecantkwpas stage in Africaand to have 
evolved on parallel lines. It is, however, now generally regarded as a 
specialised tj^pe and as upper Pleistocene in age in spite of its archaic appear¬ 
ance. Alegartthropus africanus is the African giant form. To Pithei'affthropus 
may also belong the jaws and other skull fragments recently found at 
Temifine in Algeria and named Ailanthropus tmurtiametis (Arambourg, 
*954. >955)- 

“ Plltdowa man Eoanthropui dmesoni, the “ datvn man ”, was founded 
upon fragments of two female skulls, a mandible and a molar (of which excel¬ 
lent radiographs have been published"*^*), which were discovered at Pilt- 
down'^^^ in a shingle of the Sussex Ouse. The cranium is modern in its 
capaci^^ and its general configuratEom and dimensions whereas tt^e mandible 
tvas distinctly arLthropoid in its projecting canines and absence of spimi 
menliihs^o that some writersconsidered the jaw to be that of a chimpanzee 
and separate from the cranium. That two complementary parts of a head 
belonging to two distinct t>^pes should occur together tvas, how^verp regarded 
as more than a coincidence.^^^ Recently both skull and jaw' have been 
proved to be spurious and to have been "' planted/^ by some person un¬ 
known The detection of this forger}^ came unfortunately too late to do 
moTe than give a reference here to the discover^' of the detection. 

The age of the remains has long remained uncertainthey have been 
regarded as upper Pliocene or Chellean or coeval with the High Terrace of 
the I'hamc?, The fluorine method (see p. 153:5) proves that the cranium is 
not older than early upper Pleistocene'*^^ (Riss-Wurm interglacial), ft was 
associated with two animal groups,one a remanJe and rolled series of 
Mastodon an'emensis^ Biceror/iinns etmsais and Ekphas cf* planifrons ('* Stego- 
don'^) of Villafranchian age, the other typically Pleistocene, including beaver, 
hor^ and deer w^ith burnt flinta>‘^^ flint implements of indefinite eolithic or 
Pre-Chellean character, and a bone implement made from the femur of 
Elephas rtieridtonolis^^^ (cf. p. 838). The cranium has been referred to Homo 
sapiens of an essentially modem type, and not older than Neanderthal man^^ 
and probably NeolithicA^"^ 

A possible successor of early palaeolithic skulls has been found at Swans- 
combein the lOO-ft terrace of the Thames with implements of Acheulian I 
and 111. Keithbelieves the Tendon SkulH-*^ (H. londonensis) and Bury 
St. Edmunds fragment have allinities with Piltdown man and, like the Swans- 
combe skulls, are later modifications. iMorphoIogically, Swanscombe woman 
belongs to H. and may be of the Cro-Magnqn type.'*'*^ The 

Galley Hill remains found near Swanscombe in the lOO-ft terrace of the 
Thames, though referred to this horizon,are a later burial."^ A lower 
palaeolithic skull has been recently found in France+*5{Ch3rente) for the first 
time (see pp. 845, 864). 

Ne^derthal man. Neanderthal man^ {Homo ntand^rifiaknsis King; 
H, pnmigemiis of L, Wilser'**^ and other German archaeologists} is based 
upon many skeletal remains which, though first found in 1856 in the Neander¬ 
thal valley of Germany^ are most numerous in France and Belgium— 
Hfdlicka^® has tabled the Neandcithal fossil remains in their order of 
discovery. Later finds have extended the range to 1 lungary ,Jersey 
north-east Spain'*^ ^ (Banolas), Malta,^^^ Gibraltar,^^^ Italy,^^"* GaJilee^^^ 
{Palaeanlhropiis pakstinus. Homo neanderthalensis pa{estmtis% the Crimea^-^^** 
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Tashkent,Siberia,«8 near lJokhara .-*59 North Africa (Tangier^®) and 
Somaliland and Abyssinia,"^! Rhodesian niiiii (sec p, 871), of uncertain age, 
was the African type, and H. soloensis (gee above) the east Asian representa¬ 
tive.^^ U p to the present the remains of about 100 Neanderthal indi viduala 
have been discovered. 

Neanderthal man was of moderate stature (rarely more than 5 ft 4 in.; 
tn) and of heaw and stocky build with a slouched appearance reouired 
by the absence of the fourth or cervical curvature. He had a good-sized, 
thick and long skull with pronounced supra-orbital torus, low forehead and 
vault, protniding occiput, large and full upper maxilla, large nose, teeth and 
jaw, receding ^in and a low stage of brain development. He was less 
muscular and vigorous than the Acheulian race."*^i 

ITte discovery at Spy in 1886 of a Neanderthal skeleton under undisturbed 
stalagmite and associated with artefacts resembling those Lartct and Christy 
described from the lower deposits of Lc Moustier, proved that Neanderthd 
™n was Mousterian man, the //. nousteriinm of French archaeologists. 
Later discoveries at Gibraltar and elsewhere confirm this relationship. The 
word Mousterian, therefore, should be reserved for the industries of Neander¬ 
thal man. 


Neanderthal man, following the investigations of G. Schwalbe (i8qo) is 
pnerally regwded as a distinct or aberrant race, which evolved from mSi of 
lower palaeolitluc time,-*^ including Filkemnthmpm. 1 le died out at the end 
of the Mousterian as the result of the exterminating action of // iapma^^ 
or, more probably, of a degeneration brought about by cUmatic d^erioration 
^ p. 1029), an unhealthy cave life (smoky and damp) and inbreedine 
Thus an abrupt hiatus occurs in the cultural sequence; Neanderthal ren^ins 
arc morphologi^y distinct and specialised; transitions into later skeletal 
typ^ are wanung^; the remains of Neanderthal man, dating from the 
earlier part of Ac Mousterian epoch, are often less “ Neanderthaloid " in their 
characlere and approximate more closely to //. sapiens than do the classical 
typers of later date ; and Ae evolution into H, sapie,ss diluviatis is biological 
unlikely in the brief span the geological evidence suggests. Because f( this 

It is usuaUy thought that Neanderthal man was replaced by AuriEnacian 
man who penetrated from the cast. Vemcau 470 ostc^jlcjical 
countered this opinion, arerring that Ae Australian native isllosel? reuS 
to Moustier man ^d that certain features in neolithic and modeVn^S 
are to be explained by atavism (see below). Hfdlicka, 47 i ,vith othm 
pressing view^ not very dissimilar, concluded that Mousterian man e^olred 
into Aungnaeian man because of hard winters which reacted on h^fo^d 
cloAing, shelter and the fauna, and intensified natural selection if; 
appealed to the iransiUon implements, e.g. Abri Audi Tnt 1 V 
morphological instability of the skeletal remains, their evolutbt^rS 
€.g. m dentition and head form, the absence of q pre--\uriEnaSi? " 
western Mta and North Africa, the improbable invasion of eSod^ h 
race ^the Glacial period approached its ma.ximum cold, and the occJielS' 
in modem individuals of transitional features reminiscent of 
Aalers. Evidence, in Ac form of skulls and implemerS 
NcandcrAal strain survived into Aurignacian time in eemraflw 
it did in Palestine where the skeletal remains exhibit a remarkabnS'ngling 
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of the characters of Neanderthal and modern p. Weidenreich'^^'* 

also suggests that human remains from Russia and centra] Asia may be (ran- 
sttiona] and that Neanderthal man gave rise to modem man. It is indeed 
possible that while the specialised types of Neanderthal man in Europe died 
out the more generalised ty|K led through .A^cheulian man to modem manA^^ 

The wide variation in the jaws, skulls and limbs of the Neanderthal remains 
may l>e correlated with cultural differences observable in middle palaeolithic 
time. Keith,'*^* for example, recognised various modifications of the general 
type—the Heidelbergian, Chapel I ian, Ehringsdorfian, Krapinian and 
P^estinian. 

IL heidelbergensis Schoetensach, a jaw found in 1908 in the Mauer Sands Oif 
Heidelberg(associated with bone artefacts?^™) and placed in the 
Cromcrian'*^® or the Gunz-Mindel interglacial,'*® may be a precursor of 
H. fieandertkalensis^^: Pithecanthropus has been regarded as its forerunner.‘**2 

Upper palaeolitluc races. The upper palaeoUthlc skeletal remains, the 
skulls of which have all been measured and photographed ,^*3 arc dolicho¬ 
cephalic and often subdivided into several raceswhieh are regarded as 
early representatives of the white stock tvith certain negroid tendencies'*®^ 
and evolved possibly in south-west Asia,*®* T’he best known is the Cro- 
Magnon race which was probably preceded by the men of Grimaldi and 
Combe-Capelle and foliow'ed by those of CbanccLade, They belong to Homo 
sapiens fossiiis. 

The Cro-Magnon race,*®'^ known from abundant remains first unearthed 
in 1866, w'as tall (5 ft lo in. to 6 ft 4 in.: 1*78 m to 1’93 m) and straight and 
strongly jaw'cd with a long head possessed of large cranid capacity, prominent 
chin and nose, broad face, and much reduced brow ridges. Skeletal remains 
are known from Cro-Magnon (fig. 164), Aurignac, Grottesde Grimaldi, Combe 
Capglle*®® (by some regarded as racially distinct (lower Aurignacian) but 
possibly not so*®®), Engis, Solutr6, Pfedmost, Willendorf, Paviland, 
Camargo, south Italy and Morocco,*® and from the .Altai Mountains.*®' 
Mongoloid in character, ho is regarded by some as the creator of the middle 
Aurignacian industry*,*®^ by others, much less probably, of the Magdalenian 
culture,*®^ Its most likely ancestor is the Skhul type of Palestine,'*®* 'I'hc 
eastern dolichocephalic ^up is associated with the "eastern" Gravettian, 
the w'estem brachiccphalio group with the “western” Gravettian. 

The Chancelade race*®* who probably descended from Cro-Magnon 
man*®* w'as of low stature and resembled the modem Eskimo in osteological 
characters, including the vertical sides and keeled roof of the brain case, the 
prominent cheek bones, wide aygomatic arches and shape of the lower jaw', 
The ethnic affinity of this existing peripheral race, though denied,*®^ is often 
asserted.*®* Arguments in its favour are the great resemblance of the imple¬ 
ments,*®® e,g. arrow heads, arrow straighteners, sculptured figures and line 
engravings, recent craniological comparisons,*® the “Thulean" and other 
early Eskimo cultures of Alaska*®'—tlie ITiuIean culture w'as associated with 
winter houses of Btonc, bones or turf and with sea animals—and the earth- 
houses of the far north which may derive ultimately from the semi-subter¬ 
ranean houses known to have existed on the fringe of the glaciated area of the 
Old World in upper palaeobthic time,*®^ Contrary to an earlier vieiv which 
derives from Rink and referred the origin of the Eskimos to a comparatively 
restricted centre in the North American continent near Hudson Bay,*®* it is 
thought that Chancelade man supplanted Cro-Magnon man and retreated 
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northward with the reindeer at the end of glaciaJ timea—^linguistic connexions 
with Tibet corroborate this wandering across Asia.^w t, Mathiassen,^®* 
who with K. Birket-Smith linked the origin of the Eskimo with that of the 
American Indian, demonstrated that the 'I'hulean culture had its roots in the 
west along the Alaskan or Siberian coast. Developmental stages in art, 
harpoon heads and numerous other implements have provided the framew'ork 
of a relative character that carries Eskimo culture back for probably aooo 
years. The Old Bering Sea, Ipiutak, Punuk, Bimirk, Dorset, Thule and 
Iitugsuk are the various recognised stages, some of which are contemporaneous 
with one another. While the Old Bering Sea and Ipiutak exhibit unmi^ 
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takablc affinities with mesolithic and neolithic horizons of north Eurooe -,nH 
south Si^na, a wide gap separates the Eskimo culture from the Baikal iulti.ti 

“ Ta ^ t’" cul-dc-sac of Greenland was 0^^ 

invaded about 1™ ye^ the primal Eskimo-generic centre 

situated beiwecn I^e Baikal and north-east Asia ^07 the “ jumpini: off nlJJ!. ” 
for Ajnyica the basic prototype of ffie American Indian and ^e Esffmo 
travelled gradually and disconnectedly across Bering Strait imr. M 
America. Remaras similar to those of the Eskimo arc fLnd on the A1 
Isla^s.i»» where ^ historj^ extenffing bick perhaps 4OCO yearJ hJJ'Cl 
traced, and small end-scrapers and conical cores identical »k . 
lected in large numbers in the Gobi desert. sustain the Mnclus?on^'^ ' 
of the Eskimo crania also suggest arctic Asia as th#* i^i4 - 
Central Asia has been regarded as the original home of all the liSic 
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Nevertheless archaeology has not yet discovered the origin of the Eskimo nor 
any habitation Site in Alaska oldt^r (by radiocarb-pri dating) than c* 6000 
years.^^2 

Wt^lc we arc forced on theoretical grounds to assume that man originally 
entered North .America at Bering Strait^ arehaeological work in this region 
has yet to reveal any trace of these earliest immigrants; the cultural links 
between the upper Palaeolithic and the present Eskimos of North America, 
if they exist have also to be discovered. Modem Eskimo art is possibly 
remotely connected with palaeolithic art and the two oldest known phases of 
Eskimo art (Old Bering Sea Style 1 and Dorset) have affinities with palaeolithic 
and especially with mesolithic art.^^^ The Eskimo dog is apparently a wolf 
hybrid of the Ctinh tmstranzet^^^^ 

The Briinn race+^^^ founded on osteological remains from Brunn (Moravia), 
includes finds at Brux and Pfedmost and the Galley Hill skull (see p. 857). 

Africa has yielded a number of antliropoid skeletid remainSp^l* including 
the various remains of Capsian and Oraniannian,^^’^ the Australopithecinae of 
South Africa,^*^ viz. Austntlopiifiecus afrkanm or Pkstnnthropui 
(Taungs skull)^ and, very^ closely related, ParaitlhropiiS ro&wr/itf which were 
pigmy ape-men of Pliocene age—they were associated with many extinct 
mammalian genera—which may well represent the ancestral stock from 
which man took his origin the remains of Kanam and Kanjera 
which are of uncertain age-^^; the Olduvai skeletonwhich w^as probably 
a late burial^^z ^nd not contemporaneous with the bed containing Chellean- 
Achculian implements in which it was found. The Asselar skeleton (see 
p, 1115) had indubitable negroid affinities and markedly resembles the South 
African Basuto. The negroes, however, are seemingly of no great antiquity 
and have yielded no fossil remains, 

Recent theories of the origin of the species of Homo sopiem and its relation 
to other known species of man conflict as to the assumed evolutionary pro¬ 
cess, According to F* Weidenreich, Pit}t€caHtkropus and Smanthropus pro¬ 
gressed in parallel through a Neanderthal stage leading to Plomo 
Hybridism among different species is suggested by others, e_g, Patterson and 
Coon, McCovto and Keith believe that //, sapiefis was a middle or upper 
palaeolithic offshoot, simultaneous with Neanderthal man^ from an inter¬ 
mediate form, e.g. Mount Carmel man. 

In general, viewing all known fossil men, they seem to fall into three 
evolutionary stages, representing three genera which arc partly successive and 
partly contemporaneous: they arc the Pithecant/irQpoSf Homo fieaitderlkatensis 
and /A sapims or modem stagesA^'* 

Home of man. Although Europe may have been the home of man,-^ it 
is more likely that, as in other zoological respects, it was a terminal region and 
not a centre of palaeolithic evolutionThe independence of its palaeo¬ 
lithic industries is not original but the result of successive waves which spread 
ut^vards from Asia.^^T Darkness, ho\ve%'cr, still envelops the cradle of 
palaeolithic man (ch p. S36), for no fossil evidence at present exists to show' 
how the man-like apes of Miocene time were transformed into the ape-like 
men of the Pleistocene, Since human limbs had already attained their final 
refinements of shape and propordona at the beginning of the Quaternary, the 
point of divergence of the evolutionaiy^ line leading to man from that leading 
to modern large anthropoids must have been fairly remote,^^® An African 
or Neanlhropic origin^first enunciated by Darwin in 1871 because gorilla 
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and chimpanzee, the sim^iving higher apea most nearly^ related to man, in¬ 
habit that continent, is not excluded for the upper Palaeolithic by the distri¬ 
bution of the Aurignacian, Capstan and Magdalenian cultures which lose 
their distinctiveness when traced from the European^ African and south-west 
Asian region. "iTie discoveries of the Australopithecinae lend support to 
this vieiv though the AustraJopithecinae, while closely related to the ancestral 
stock which gave rise to the Hominidae.^io should be excluded from human 
ancestry' since their teeth arc too large, their brain too sntalh their pre- 
maxiha is ape-like and their age is geologically too young.^^^ Though the 
hand-axe cultures are now generally assumed to be African in origin, the 
migration routes of Heidelberg and Neanderthal man are still unknown, 
and Uganda was probably the centre of diffusion of the pre-Chellean 
pebble cultures and witnessed the steady e\'olution of human industry' 
that was probably set in motion during the Pliocene. The Grimaldi 
skeletons in Europe are atone African in character (cf. p. Syt); for though 
they are dolichocephalic like the Cro-Magnon and Chancelade races* they 
have the broad nose and the strongly projecting mouth and teeth of the 
African negroids. Additional facts pointing to the African origin of man are 
the Miocene Pro^ottsul of Tanganyika, the numerous Australopithccines of the 
fissure deposits of tlic Transvaal and the abundant palaeolithic industries of 
Kenj'a, Belgian Congo, Rhodesia and South Africa. 

An Asian or Palacoanthropic origin, often asserted,^^^ is suggested by the 
widely distributed Mousterian and Aurignadan implements in that continent, 
by the continuous series of human skulls connecting the ancestral apes 
with modem man and arranged in successive rings round the presumed 
Asian centre, by the almost contemporaneous occurrence of primitive types 
of tlominidae on the eastern edge of Eurasia {Java^ Peking), and by the back¬ 
wardness of Europe as compared with A&ia at corresponding epochs of tlie 
Palaeolithic.^^ Such an origin is now held for the flake-cultures (see 
p. 841), though the recent discovery of Neanthrupic remains at the Cave of 
Fontechevade (Cha rente) in a horii&on which yielded flake-tools (Tayaeian) 
presents a serious diificultyA^^ Suggestive also are its central position, its 
importance in the evolution of the domestic animals and its climatic change in 
Miocene and early Pliocene time. ^ 

The earth during the Pleistocene passed through many physical and 
climatic changes of the utmost importance. The sea-shores w-andered wi del v 
(see p. i3SS>—the Feisian Gulf, for example, was aliernatelv wet and dry 
and the coasts of west Europe were displaced through 500 km"; the ice-shects 
covered 30% of the land-surface; and glacial and interglacial, pluvial and 
interpluvial oscillations (through r 000-2000 km) affected wide regions 
Taylor has suggested that the environment best suited to man i e the 
woodlands bordering the steppes, swung north and south with the flu^uationa 
of temperature. The climatic stimulus of this changing envimnment mav 
well have led to man’s evolution and to the differentialion into the varied races 


.^ifcui yijgiiiJLcu, IL Siiu, iii risia ^ 1 urKcstan ?) and dispersed in 

irregular aoncs all round that continent. The Neanderthaloid n^Z lived in 
south Asia and gave rise to n^^s. The Mindel glaciation drove them out - 
later they reached Afnca. Psthecantfiropus is also a relic of 3 byeone tvne' 
which was pushed to the margin by later forms. The Talpai A 3 

Queensland), the Kcilor skull (of Melbourne) and the TartangaSeletons Sof 
South Australia), all of which belong to Hofno and mav date bi:k 
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to later stages of the Pleistocenep suggest the exbtence of palaeolithic man in 
Australia (see p_ 1239). 

While the evolution of man may have been poly centric in the Old World 
(see p. 836) and also it is suggestedin the New World, America as a source 
seems to be eiccJuded; anthropoids and Primates are absent from its Tertiary 
beds or from the raised beaches with which the Atlantic coast abounds (sec 
ch. XLIV); human remains or artefacts are unknown from beneath deposits 
of a major glaciation and remain^ of long-headed Homo sopietts alone have yet 
been discovered—South America has known only a branch of the platy- 
rhines whose phylogenetic history is quite unknown, since save for a single 
Miocene genus, Homuifculm, the fossil record of the group does not extend 
backwards beyond the Pleistocene. 

The question of the first peopling of North America has been attacked 
vigorously in recent years and along many lines. In the first quarter of this 
century archaeological opinion had crystallised into a doctrine from which 
there was only mild dissent: that man waa a recent invader via the Bering 
Strait. The discovery of beautifully chipped points at Folsom, Mexico, 
associated with mammoth and numerous skeletons of an extinct species of 
bison, 539 brought about a new orientation. Unfortunately> the ambiguity of 
much of the stratigraphicaJ evidence and of the associations of most of the 
finds has made it difficult to determine either their age or their place in the 
cultural sequence. 

While evidence of this kind has satisfied several geologists of man's exist¬ 
ence in America during the Ice Age 5 ^ It is not extremely trustworthy.^**^ 
Examination has so far failed to reveal any specifically upper palaeolithic types 
of human implement, though the claim has been made that true palaeoliths 
occur, from Pre-Chcllean to Mousterian. But generally they are rejected 
since their origin i$ uncertain and their resemblance to modern Indian arte¬ 
facts is close. Human skeletal fragments,^^ said to be associated with 
remains of extinct animals, e.g. mastodont, mammoth, ground sloth, 
armadillo, glyptodont, sabre-tooth tigerp and extinct species of bison, canid, 
horse, tapir, musk ox, antelope and deer, and birds and reptiles, were found 
in beds disturbed by extraneous Intrusions from the surface or of questionabl e 
age. They may be recent buriaISp as has been suggested for example for 
^^Floridam3ii^\^ 

The Pleistocene animals also provide inconclusive evidence since a few^ of 
the typical ones survived in North iVmeriea to a later geological date than in 
Europe. Mastodont, for instance, occurs north of the southern limit of 
the Mankato drift and in post-Pleistocene swamp deposits in Ohio^^^ 
post-WTiittlesey deposits in south-west Ontario^^^ the mammoth surv'ived 
(3^ pollen analysis shows 5 **“^) until r, 10 ,000 years ago and reached its final and 
most progressive stage of evolution in North America.Dried mummies of 
Nothrotherium are found in southern caves with coprolites which show that 
this little ground sloth fed on the same vegetation as that which still exists in 
the neighbourhood^—man may have contributed to the extinction of the 
anirnab ,550 'phe presentation of the hair, hide, tendons and homy sheaths 
of claws also points to the recentw of the remains. Thus while the association 
of extinct animals with human evidence is now established—Folsom points 
were found beneath the ribs and in the channel of the spinal chord of extinct 
animals and human representations of mastodont and mammoth have been 
discovered 551 —the animals themselves are no longer competent witnesses 
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of antiquity and supplementary^ proof of age now to be found else¬ 
where. 

Since C* Gh Abbott,front the rude implements found in the gravels over¬ 
looking the Delaware Rivers first maintained in iByt that early man existed 
in North America, the question has aroused much discussion, E. B. 
Renaud 554 given a map of the localities in dispute and E. H. St liar da 
an index to these and a selected bibliography. Among the more recent 
localities {fig. 165) are Folsom, Conkling Cave, Bumet Cave, Sandia Cave 
and Clovis in New Mexico; Lake Mohave, Pinto Basin and Borax Lake in 
California; Cochise in Ari^iona; Abilena and Plainvietv in Texas; Signal 
Butte, Scorn bluff and Bison Quarrj' in Nebraska; Lindenmeier and Yuma 
in Colorado; Pelican Lake Ln Minnesota; Gypsum Cave in Nevada; and 



Fig. 165. —Mmp of cKicf prthUtude siteaoT ^outh^wesL USA 

K, Macgiswian, 115. - - . 

Vero-Melboume in Fbrida. ITie geologicii occurrences include stream 
terraces, caves, loe®, peat and lake-deposits; artefacts have been found in 
beaches of the p)^laci3l l^cs (Lake ^gonquin) of Wisconsin age^se and in 
the debits of the Prm^Plu«al of Uke Bonneville, 5 S 7 of Lake LahontanSS* 

Hrdlicka.«0 ^-ho critically discussed (with full literature) the skeletal 
remain, concluded that no human bones of undisputed geological antiquity 
«^re knotvn-^ll the human skeletal material falls within the range of r^Jt 
North American typ« A recent date seer^ indeed to be implied bv Se 
verdict of ph^ical anthropology by a genebc study of the aboriginal Indian 
^pulatio^ of North Amencarom the Eskimos in the north-west to he 
buegians m the south, and by the striking fact that not a single cultivated bit 
food plant t^-as common to the two hemispheres before the dose of the 
teth century and no domestic animal, except the Ana 
after the period of European eapansion.^o: coirmion until 

the High Plaiat to T^t! the Gulf of Mexico, moo (PaWlS) tog 
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preceded the Basket Maker (who appeared at the begimung of the Christian 
Era or at earliest in looo H,q.) and dates back to Jategladal time or the tran¬ 
sition benveen Palaeolithic and Neolitbic*^^ i.e. 10,000-15,000 years ago 
when peoples of mesolithic status immigrated and the climate in the Great 
Basin region was mobter than now. The Denbigh dim complex,which 
was discovered in 1948 in Alaska and included blades of generalised Folsom 
and Yuma tjpes (figs. i66> 167) and a large assortment of burins closely 




FleJ. [&6r—Twn forma of Fotsom points from [^indeiunelsrp 
Colorado. H. M Wormlngton, Anct^itt Afon in North 
AmfricHt IQ49- P> 26, fiR- 4 - 

resembling those of upper palaeolithic and mesolithic timea in the Old Worlds 
links North America with sites in Kamchatka, hlanchuriap Mongolia and 
southern Siberia. These studies have now entered a phase of difFcrentiadon 
of cultural horizons and sequences forming the opening chapters in New 
World prehistory. There can now be little doubt that man inhabited North 
America at the end of or during the last glacial or pluvkl epoch s archaeology 
and palaeontology or the contemporary occurrence of mastodont, mammoth, 
camel, horse and large edentates agree in proving this. Pleistocene man in 
North America is now therefore established: the only question is how far back 
his title extends. The radiocarbon method dates the sloth dung, associated 
with artefacts in Gypsum Cave^ Nevada, as r. 8500-10,500 years ago^*^ and 
the Folsom remains at about 10,000 years ago.^*^ Fluorine tests applied to 
other human remains are generally confirmative. 5 ^® No trace hoivever has 
yet been found of human remains differing from those of present man in 
North America. 

Man came from north-east Asia to Alaska along a pathway north of the 
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Bering Strait proper—the occupation of the Aleutian I&lands was relatively 
late and was westw ards from Alaaka—and spread to the east of the Mackenrie 



Fic. 167 —Artefatu fram North America. Upper row- Ufr r- 

Pinto itefninni point; rif^kt, Pinto Icaf-sKapnl twint 

iceSW (9CC p. »i): the records ore io the form of skclnsl remahls S^mSk 
kmves, scrapers, «tc. This route was contimied dnu™ ii*. points, 

Rocky Mountains and the Coast Range and alon? thd^ Cnl ^ 

,he dree. Breio and „o,h C.liforoirr„-r„r^'S\itS 
i. some of the boechre of Leke A^r («. p. 4«) 
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and fbhcd on the shores of this lake in its bter stagcs.^^o This infiltration via 
the Bering Strait continued into later tim^.^^^ 

A. Penck and others have questioned the possibility of man having become 
so isidely dispersed and having adapted hiiti$olf to so many different 
climatic zones in the short time mentioned above, Man, thej^ think, was 
interglacial 

The evidence from central and South America is generally negative but 
hercp also, mastodont and other animals survived to the time of man and 
burnt bone from sloth, horse and guanacOp associated with human bones and 



FiOr t 6S,—Mifjratjoii 
r«y.cc4 [o mly 

nun in Amewica. K. 


artefacts in Pali Aike Cave in Chile, gave a date c. S500 years ago by 
radiocarbon ,^"^5 Palaeolithic man^ howeverp has been claimed for this 
region and even his origin has been placed here, 

Whnt became of palaeolithic man ? It has ofteit been stated,^'^^ more 
particularly in the last century when knowledge of European cultures began 
to take definite shape, that there was a hiatus bctwecQ the c^rtinction of the 
reindeer hunters of the Palaeolithic and the appearance of the new ethnic 
groups equipped w'ith a neolithic civilisation. Europe was an empty 
continent. Many facts^ it was thought, could bear no other interpretation. 
Several Pleistocene animals died out at the end of the period; palaeolithic artp 
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reached afier long aged of endeavour and experience, d isappeared; the palaeo¬ 
lithic and neolithic layers in caves are sharply separated, often by a sterile layer, 
and their remains have different states of presers'atlon; the Neolithic did not 
develop from the Palaeolithic as Laitet and de Mortillet showed^ and the 
Newer Drift is \vithout palaeolithic man.®^* The latter was exterminated 
by later invaders or perished by glacial submergenceor the glacial 
cold^* or by both these factors 562 qj. jjy the onset of dry steppe conditions 
which, by providing big animals with insufficient nourishment, left man 
dependent upon steppe animals for his faod .563 

'I'hat no such ancien hiatut occurred is now certain ,*64 though a hiatus of 
several thousand years has recently been affirmed for Moravia, 5 Si Europe, 
far from being depopulated, was inhabited by several distinct groups of 
hunting, lishtng and food'gathering tribes. The palaeolithic races surv'ived 
and either fused with the peaceful penetration of new races, under the p ressure 
of dense agricultural populations, or formed the substratum of later peoples. 
Such a transition—J. A. Browmsa? spoi;e of a “mesolithic period"—is 
indicated by several intermediate industrial types, discovered in England by 
Brown, H. I’aylor (King Arthur’s Cave) and A. L, Armstrong (CresweU), in 
the Pyrenees (Mas d’Azil) by E. Piette (1S95), in France ('I’ourasse} by 
de Mortillet (1896) and in north-west Germany by G. Schwantes (1928) and 
A. Rust (1937, 1943); Tardenoisian prototy pes in the upper Palaeolithic 
of the western Mediterranean 5 ®®; and by the survival of palaeolithic industries 
as at Cissbury and Grimes Graves and of Solutrean in the arrow heads 
of the European Neolithic and the worlied knives of Egypt, 5*0 of upper 
palaeolithic influences in the flint cultures (blades, scrapers, burins, shoulder 
points and awls) of Hambutg^l and elsewhere, and of palaeolithic races as 
Neanderthal traces among neolithic and modem man in Spain, 5*2 of 
Aurignacian and Solutrean types in the modem populations of S^irdinia, 
north Portugal, Dordogne and Scotland (Rhinns of GallowavS^y gf the 
Grimaldi type in neolithic and later inhabitants, including those of modem 
times, of Brittany, south-west France, Switzerland, noitli Italy and the 
Balkans and of Cro-Magnon or earlier stocks in the poorer moorlands and 
places of refuge and isolation along the neolithic types of Wales.5W Cro- 
Magnon man retired northwards in Europe before the invading fbrests^M* 
his defendants are the arctic stone age peoples of Denmark and Scandi¬ 
navia (see p. 877) and the megalithic people of the norths*^ and his 
relatives arc the Laplanders.®*® The type is likewise present in the ^^016 of 
the Neolithic Bmnze Age and Middle Ages of Germanyi^ ra Kw^o be 
seen among the Libyans, in Biscayan Spain.«» in the Dordogne valleys in 
the Guanchos on the Canary' Islands,and in Germany (WestphaliiLHeaJl 
Swed^ (DaJame) and north Nonvay .»3 a likeness to the Grimidd^ type ^ 
IS to be observed m North -Vnea, Wales, France (Rhone Valley) IrSLrth 

Italy. I he west^ European alp.nes may be upper palaeolithic survivors 
somewhat reduced in head and face size.*®® juivurs. 

Unquestionably, therefore, new culturd dements havebeen grafted on to the 
cxpinng palaeolithic stem and some of the inhabitants of Euronp 
in their descent upon upper palaeolithic stocb ^ 

Palaeolithic man i^as often b«n contended, has scattered to the extreme 

aborigines*®? (see p. 864)-the last aboriginal Tasmanian died h 
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whose itidustiy,** though specifically distinct from the Mousierian, is closely 
related to the induatr)^ in west Spain. The problem of the antiquity of man 
in Australia is still unsolved.^ The Australian aboriginal may have arrived 
(with the dingo) in Australia in late Pleistocene altemateJyp he Ls linked, 
through the stages of Talgai skull, Homo tcadjakemis and ym:ant}iropus 
soloettsis^ with Pithe^anthropus.^^^ 

The South African bushman was similarly descended from Norm rhode^ 
(and A/rkmihropus njm-osensis) or from Aurignacian and Solutrean 
man*^^^ because of his physical characters and his industry and The 

cave art, which betrays in its social structure, method of working of stone and 
artistic and physical features a striking likeness in the eaves of Spain to tliat 
of the hushmen*!^ or the earlier series of paintings in Southern Rhodesia, has 
been followed across Africa from north to south,e.g. North Africa, Sudan, 
Saliara, Chad states and 'franB^'aaL The rock-engrasungs of North Africa, 
which are found In groups in the open and near old river beds and spread into 
east Spain,belong for the most part to the “neolithic” (see below) and 
younger periods, parallel in age to pre-dynastic and dynastic Egypt. Some 
may date from the upper Palaeolithic—at only one site in Africa has it been 
possible to establish a parallel between archaeological groups and wall 
paintings. Their leading motifs are animal and human forms and especially 
the weapons and clothing of man. The engravings, which are bounded by 
deep, smooth polished lines and may have been painted, ended in extreme 
Conventional designs^ 

The earliest of the three series recognised by I I, Breuil^^® on technical and 
physical grounds is assigned by him to the upper Palaeolithic but because of 
the increasing aridity^ of North Africa at that time (sec p. 3129) has been 
referred to the postplu vial “ neolithic period ” (see p. The paintings 

of South .Africaare recent but may range backward in time to 10,000 
years ago. 

That the bushmen came from North Africa*^- is suggested by the 
"^'negroid" skeletons of Grimaldi (these, it has been said /^3 jTiay not be 
negroid but a southern variant of the Cro-Magnon stock); by a fossil skull 
(Slnga) of an ancestral bushman fmm the Anglo-Egyptian Sudan with 
implements of LevaUois technique; and by the figurines of Grimaldi, Bras- 
sempouy, Lc^paiigue and Willendorf, the bas-reliefs of Laussel, and the rock- 
paintings and engravings which extend through Africa (see above), as in 
Egv'pt^^^ (including paintings of giraffe and ostrich), and become later in age 
as the south is approached. The Springbok tt'pe of northern Transvaal may 
represent a negroid type which migrated southwards during x^urignacian 
timeA^* The Hottentot, instead of being a Bushman-Bantu, as has been 
generally held, may be the product of an evolution from a “ Wilton race 
which (contemporaneous with the Smithfield industry of the Orange Free 
State), as is usually recognised, has strong aihnitiea with late-palaeolithic man 
in Europe and North Africa, Others regard South Africa as the evolutionary 
cradle of the Bushman^^^ who wandered northwards through Africa into 
Europe ^29 -md left traces in the pre-dynastic peoples of Egj'pt.^^ Others 
again think east xAfrica wa$ his home,^^^ or that Bushman and j^urignacian 
man descended from a common stock.^^^ The Bushman problem 13 
obviously sdll unsolved. 

Yet a connexion between palaeolithic man and modem primitive peoples is 
often denied^^^; the resemblances are cultural rather than racial (cultural 
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identity does not imply racial identity] and of a functional kind, arising from 
similar conditions or from atavism or reversion. Nevertheless, the attempt 
to explain physical and cultural resemblances in this way appears to be in^ 
adequate. But we can only be sure about the origin of modem races when 
the discoveries of fossil man are sufficiently numerous in space and time to 
permit us to map the distribution of mankind at e\’eiy phase. 


3. Mesollthii: Man 

1 he changed environment associated with the passing away of glacial con¬ 
ditions^ 'the contracting ice-sheets, the replacement of tundra and steppe by 
forest in North Europe and the progressive desiccation of North Africa and 
the Near East gave rise to a new civilisation. While Europe was never 
empty, there was a real break in historical continuity 1 agriculture, pottery and 
polished stone tools were introduced by new peoples. 

The mesolithic period, which formed the earlier part of the “neolithic'’ 
period used in its very wide original sense, embraces the Ancylus period and 
part of *e Littorina period up to the Ertcbolle period.OJs jg sometimea 
divided into epipdaeolithic below and proto-neolithic above, the former com¬ 
prising the Azilian and Tardenoisian. As these cultures were probably 
descended from the palaeolithic and restricted to Europe (epipalacolithic 
types arc unknown east of the Urals) and are distinct from the neolithic 
waves that pr^eded from the east, they have aB been grouped in the 
epipalaeolithic .“35 

The envinoninent of tJiese peoples was the primaeval forest which now re¬ 
placed the tundras (see eh. XLVrn)^the birds of the .4ailian station of 
Birseck near Basic were those of the woods and fields of the region to-dav «« 

T f Tardenoisian Ganzberg in Swi 4 er- 

Tt demanded the adoption of tools of horn, bone or stone which the 
wood worker could employ as adaes, chisels and perhaps axes. Com was 
grown since remains have been found in western Europc«8 and flint sickles 
of mesolithic age are knoim f^Palestine,^^ and wooden ploughs of the oak- 
hazel i^-riod for Gemany.^ Domestication began much later. The 
domestic dog is first known m English Azilian and in Portuguese and 

Europt Wore the Bro^ . j, „„ 

dwellings, Cattle, pig, sheep, goat and dc^ m the Swiss lake-dwqUings «5 
(see p 8S3) iwint to dom«tication (dog was not domesticated in Sc older 
neolithic pile dweIlmgsW6j, ^h,le red deer, fallow deer, roe deer elk bmvS 
bear, aurochs, fox, hare, chamois. wUd duck stork ’-t ’ , 

and sho» thnt hunting u>d fishing 

in thn Bnrnnl pnri^. rvith in willow ,„d birth, .nd r«d dnnfii* d«r 

The mesolithic peoples of Britain made .m, 

hearths as on the Pennines, inhabited caves, suchas Vi^n^ r" Oronsay and 
Mother Grundy’s Parlour, Crcswell, and had 

at Selmcaton. Sussex .«7 ’ settlements of pit-dwellings as 
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The chief mesolithic coltiires are the Tardenoisian and Astunan in 

southern Europe, and the Magkmosian, Campignian and kitchen-middens of 
the north of the continent, 

Azilian. The Azilian, found in the first instance by Piette'^s in the cave 
of Mas d'Azil—de MortilletV Tourassien of the shelter of La Tourasse^^ 
(Haute-Garonne) was its contemporary—had rudely chipped flint implements 
which embraced small round scrapers without trapezoid and geometrical 
forma. The *^type fossil w-as the double-barbed, flat harpoon of red deer 
antler which was broader and flatter than the traditional Magdalenian type. 
It was of two kinds, the one with unilateral barbs and oval perforation^ the 
other with bilateral barbs and round perforation. Additional tools included 
bone polishers, spatulae and tough bone awls. 

The finbhed realistic Magdalenian art, with its decoration of bouts tools 



Fig. 1^9. —Map skowrtRK the distributiaii in Europe of thfl Aiilum.Tardciioifiiiiii and 
Miglcinme Lulhirts. G, C. McCundy, mjr, II, p, 16, fig- 


and harpoonSt its animal engraving and its sculpture, has vanished. It has 
been replaced by schematised and conventional designs smeared in ochre on 
cave-tv^Is, and by painted pebbles^ The red spots, bars, cui^-^es and circles 
of these gfflets of Mas d'Azil. north Spain, Pyrenees, east Fr^ce 

and the country as far east as Birseck near Basle,^^ have an unknowti motive; 
they may be talismans or means of counting, have religious siguificance, or 
represent a conventionalised human form* More probahlyp they are magic 
objects, indjcating by their teplaceroent of the true portrayal of the upper 
palaeolithic art by a symbol, a rising human inte11igence.*32 

The Azilian people, snail caters and hunters of stags and wild bears, lived 
in shelters or at the mouths of cavee over a wride region(fig. i6g), including 
the Pyrenees, north Spain, Dordo^e^ east France—a mixed AziJio-Tarde- 
noisian industry is found in Switzerland®^—Bavaria and Li^ge and in 
Croatia and Caucasian and Crimean caves.®®^ Anomalous finds, which 
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belong to a people probably extremely few numerically, have been recorded 
from the British Isles'**^; e,g, several points on the coast, e.g. WTiitbum 



horn implements, e.g. pins, awls and harpoons, found with hearths and 
kitchen-middens and human remains in the raised beach cave at Obari^^T 
which w-as apparently occupied when the sea still had access to it. These 
^iiian implements,®^* larger than those in France or Spain and made of bone 
instead of deer antler, had dose affinities with the Maglemffiu; of Denmark®^^ 
whence the families^ may have reached Scotland by crossing the Midland 

alley. ITiis Obanian, as it has been called,®®^ appears to have come fronn 
the south via the west coast and to be a late survival (late Atlantic)—it is later 
than the Lamian and probably early Neolithic.®®! The Victoria Cave harpoon 
which IS made of reindeer and tjpologically older probably preceded the 
^anian. Obaman has also been found on the island of'Ri.-iga in Loch 
Sunart«2: ^yhere it 13 probably early Neolithic. 

The shdi-mounds, w-hich are specifically Aailian and contain a 

^rpoon which m Sjaelland from just before the Lluorina masirnum, are 

Ancylus age) and roughly coeval with the Baltic 

Sr heavily pannated and belong to the Mesolithic, 

Mbh?« rU??" (Creswellian) survivals. The painted 

pebDJes at Keiss, Caithness, are not .Azilian.®®® 

an^«”ofl!«^S-!*?fMagdalenlan is fixed at Mas d'.\zil 

„ M» dM and « JIoS" (ASyr" 

Tai'denQisian. Tardciijoisiiiii mm egthcred ^he]\ ficVi ki a a 
fishe^along the shore. His microliths' Am at pte e^^rar'Ji' 

noi &®*9 [Ajsnc), are generally found at or dose to the surfnr-n 1 k “ 
occupied natural shelters where these were avaibble ®70 ' F ? ■" 

Bavaria (Franconia) and in numerous localities in Ikleium 
Zonhoven and Remouchamps; see p. 8 fs\ 'fkn^ - grottos at 

3 cm long, are generally chipped into eeometHril^!,^^ splinters, about 
crescents, lunates and (later) trapezes Vhev- wer<‘ t^ianglis, 

straight rows in wooden handles^hich because ' 

nowhere preserved) and used for tattooine—anal«cI/^ sandy are 

to-day®Ti_cr, more probably, for fishingf ss^oilf? K 

are now used by primitive peoples in west .Africa ®w ^ 

by the find of a bone sickle shaft from the Natufian of 
flakes stili in place®’^ and is established bv th*. rli ''ith two flint 

microliths spaced at regular intervals of c e cm in ^ straight line of 

Pennincs, the containing shaft having rotted awav 

also served as arrow-heads, saw-s, fish-hoote t^mposite tools 

Lower Tardenoisian is marked by non-Beometririi*'’''^' 
middle Tardenoisian by microburina and Feomt^ti^rfi'^r"** microburins, 
noisian by geometrical forms, few trapezes and "^^rde- 

Tardenotsian by abundant trapezes. 'tticroburins, and late 
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Pigmy implements (which also occurred sparingly throughout the Palaeo¬ 
lithic,especially among its later ctilmres) are found as far east as the 
Crimea, Polandthis Swiderian (seep. 878) or **Chwalibogo\vician” of 
the lowest levels of the sand dunes which extends from the Black Sea to the 
Baltic is characterised by a small shoulder point^—and the Ukraine^ and ^e 
widespread around the Mediterranean and on coastal sites or open camping 
spaces in west Europe (fig* i7o)t e.g. Belgium and Britain where besides 
the sites mentioned below, they inhabited the sandy margins of the East 
Anglian fens^ sand dunes in Lincolnshire, and the coasts of Cornwall, Devon^ 
Wales, Isle of Man, and Scotland from the south-west to Caithness and the 
Orkney Islands in the north-east. They arrived late; they are Boreal in the 



Fro. 170. — Mflp showmR the distributicin of iht 'rard^noiasan indLutn,' 
in Europe. K. PsakiJ and H. J* Fltnir, p. 347- 


Pen nines, uppermost Boreal or lower Atlantic at the coast, e.g, in north¬ 
east England, and late-Atlantk*^ in west Scotland. 

Similar implements of uncertain age have been traced through Africa from 
Eg}.pt to Cape Blanco and from north Tunisia to Lake Chadi Kenya, Rhodesia 
and the south (= Wilton industry), as well as in India and Australia,A 
neolithic people who made small artefacts, especially arrow heads and scrapers, 
lived on l^e banks arid shores of North Siberian water-basins.^ 

The European sites w ere situated often on exposed rocky uplands, e,g* the 
Pennines and the limestone cliffs of Durhamp^®^ occasionally in rock- 
sheltersabove), and more characteristically in round or oval pit- 
dw'ellings^^'* in sandy soils, e,g* fossil dunes associated tvith the North 
German Urstromtakr^ and at Federsee(Wijrttemberg) and xAnsbach (Bavaria). 
They avoided tlie loess of the south and the northern forests inhabited by 
Maglemose man; and they lacked the axes, adaes and picks, etc., of flint or 
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bone to cope with the forest and the agricultural equipment, including pottery, 
ncces^ry for cijlti\'ating the loess.^®^ 

The true Tardenoisian was associated with a forest fauna—at Creswell, this 
comprised horse, pig, bison and red deer. It was contemporaneous with the 
Azilisin; for example, in the cave of Valle, near Gibaja, Tardenoisian finds are 
associated witli Aj:ilian tools including harpoons.*** It was revived from 
Mediterranean sources,**^ cither from the Capsian (the final Capsian, coeval 
wi^ the French Tardenoisian, gave rise by mixing to the Capsio-Tarde 
notsian) or the latest Aurignacian,*** as in the Grotte dcs Enfants (Mentone) 
and about Sulaimani (north-east of Bagdad) where the Aurignacian culture 
Continues upwards into undisturbed Tardenoisian uninfiuenced by Solutrean 
or Magdalenian. In north England, it tvas preceded by the deteloped 
Aurignacian, styled CresweUian,*W 'phe microbuHn or “type fossil" of the 
Tardenoisian found in Magdalenian sutions proves that these two cultures, 
though cradled in different environments, were contemporaneous.*^ 

The Aiilian-Tardcnoisian cultures have been associated with new races, 
the dolichocephalic Ofnet race (33 skulls were found at Ofnet*«l) and the 
brachicephalic Furfooz-Grenelle race of France*®^: the Ofnet type is repre- 
^nted in England *»J at Aveline’s Hole (Mendips) and in Kent's Cavern, 
[orquay. They may, however, have been evolved by Aurignacian peoples 
who during the Solutrean domination retreated to the Pyrenees and other 
mountains (where for lack of flint they developed an industry of bone and 
hon^ or from the population of North Africa, Palestine and Syria which 
overflowed via the Strait of Glbml^r in the west and the Black and Caspian 
^as in the ^t, with the progressive desiccation that marked the end of the 
Piciatacene^^ (stt p, 1410)* 

1 northern industries as fol- 

ffrE^beflkTardenoisian II, Maglemose; Tardenoisian 

Fosna cultme. The ea^ human cultures of Scandinavia, which have 
received very' careful study,* 9 * are dated by their relationship to posteladal 
sea-levels, by polkn analysis and by the associated fauna. Round the Baltic 
the succe^ive stages in the colonisation of the North, the development of 
wood-working tools imd the adjustment of general economy, correlated with 
the caging sea-levels and with climatic phases, are fully documented in the 
Hamburg, Lyngby, Maglemose and Ertebqlle cultures. 

Gottskar Ra6)^d near Varberg. Earlier than the Littorina uaisgre^Sn' 
they probably belong to the Voldia period. ^ 

Other «rly evidence of mim's occupation comes from a series of open-air 
sites, marked by an occasional fire-place, along the Nonvegian coast bSS«n 
Ber^n and Irondheim which, typologicaUy reminiscent of the late pSE- 
lithic. ha^e been equated with the Magdalenian farther south n'v,- : 
durtry consists of gravers, nueroliths. picks, axes, adzes and tmnehets ma^' 
m the absenee of flint, from schist, quartz and ieneous roek^ 'rh? „ ■ -' 

outlet of the Irondheimsfjord) occur in the region of Kristiansund 
(=19 m above the Tapes level) and extend noSwards from BergeJ to north 
of 1 rondheim m a senes of stations or jlint-pladsew^ situated 5 

landing plac. They ara al» fo„„d in aona,.^No,^a ^3 « 
aa Bohuslan and Kalland in S»ad.n6!» bn, 
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mark because the sea at that time (Ancylus age or slightly earlier^**) lav 
farther west.™ 1 ' 

Finnmark or Komsa culture. Palaeol ithicpeopIes,it is claimed,Uved on 
the Arctic Atlantic seaboard of Fennoscandia™^; true palaeoliths, it is 
pid, occur in south Norway(Chellcan), and with musk ox and mammoth, 
in Finland and south Sweden(Solutrean). Types ranging from Mous^ 
terian to Magdalcnian are also said to be included in the Finmnarkian or 
Komsa culture(named from a mountain in the Altafjord): they were baaed 
upon "Mousterian” types and gradually enriched by Auri^acian and 
hfagdalenian influences. The flakes and cores suggest connexions w'ith 
Siberian and Chinese palaeolithic cultures.™^ Sandarna near Gothenburg 
has forms characteristic of this culture.™ xhe raw material of the industty, 
which w-as toastaJ between Kattegat and Varangerfjord, was a red-brov%m 
quartzite and a “dolomite-flint" of Eocambrian age but mostly derived from 
morainra. The Finnmarkians may have been adapted to cold conditions, 
flourishing on seals, whales, fish, polar bears and sea-birds: when the tempera¬ 
ture rose and the pack-ice and seals withdrew the culture came to an end.™ 

Arctic stone age. The " arctic stone age" of north Scandinavia,^lo based 
on a Uthic industry in slate, quartz, quartzite and schist, including a rich 
variety of arrow heads, spear heads, knives and daggers of original form and 
technique, succeeded the Neatvet culture (see below) with which it has 
transitions. Though possessing direct contacts with the meg^ithlc and 
battle-axe cultures, it had roots in a still earlier epipalaeolithic bone in¬ 
dustry 7ii traceable from south Norway to 69® N., as its naturalistic paintings 

teindeer, elk, sca-hirtls, w'halcs and flsh testify^^^—there is a hint that 
hunters sharing these artistic traditions reached Scotland.^'^ 'The discovery 
that the industry spread southwards along the Norwegian coasts in south 
Sweden and Gotland made untenable the earlier view (1S7+) of O. Rygh and 
O. Mantel ius that the industry was an autochtonous X.app stone age culture. 
Amber ^d other objects prove a direct oonne.xion with the Baltic region! 
The arctic stone age^ which seemingly coincided with the coniferous forest.^l® 
also extended Into Kola Peninsulaand arctic Russiaand was apparently 
part of a circumpolar stone age^l* which even expanded into North .Wrica. 

Age of Scandinavian cultures. A. Bjorn,who denies the palaeolithic 
age of these cultures, links them with the Nostvet culture (sec below). He 
postulates a north-south migration through Scandinavia in Pre-boreal time 
and derives the Nostvet from the P'osna culture and this in turn from the east 
Jrough the more primitive looting but closely connected Fhmmarkian, 

1 his characterised open country far above present sea level and was con¬ 
nected right across Russia with Siberia where the upper Palaeolithic contains 
harpoons and other bone implements as well aa flint and some types com- 
parable to Komsa forms. 

The Fosna and Komsa cultures, however, have proved difficult to date 
since the contemporary fauna or flora have left no trace. The tangled 
P?'"** burins suggest affinities with the upper Palaeolithic and especially 
with the earlier m^lithic culture that extended from Belgium to the 
Ukraine. Bromme is ancistraJ to Komsa and Fosiia,^^! as is the Swiderbn : 
Koima-Fosna may also be descendants of the Pinnberg-Lyngby hunters723 
which in turn may have been derived from Meiendoi-f.724 The flake in¬ 
dustry of Ahreiisburg-Lavenstedt,725 of Pre-boreal age, with its blade and 
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flake implements and characteristic tanged point or microlith (reproduced 
almost completely at the Belgian cave of Remouehamps near Spa) resembles 
the Swiderian (1^'pe locality, Swidry) or Chwalibogowieian (see p. 875) of 
the valleys of the Vistula and the Bug, the roots of which go back to the loess 
man of Auri^acian or Pfedmost facies 72<5 the cave of Hohk- Stein, 
Westphalia, its industry is associated with a transitional fauna including 
species of both tundra (reindeer, arc'tic hare, arctic fox and white grouse) 
and forest (red deer, roe deer, elk, boar, beaver). The Hamburg fowlers 
arid hunters—their implements were harpoons and botS’s and arrows tipped 
with bone or asymmetrical flint points—were summer visitors only; they 
followed the reindeer northwards on their seasonal migrations but dwelt 
for most of the year farther south e.g. in Holland, Swabia and East 
Prussia: reindeer antlers cut with characteristic grooves occur here. Probably 
the earliest of the mesolithic industries, and belonging to the same time as the 
LyngbyJ^* it was later supplanted by the axe culture of the Tardenoisian. 
The discover)' of Komsa artefacts in beds of Boreal or Ancylus age proves 
that, though of palaeolithic aspect, their age is much younger^ 29 - 
Mesolithic and lies between the Portlandia strand (Tanner’s Ic) and the Tapes 
strand (Tanner's Ila). I’he Fosna culture belongs to the early Ancylus or 
later and may have extended upwards into the Ncolithic,^^* 

.Axedike tools of reindeer antler, shaped like a hoe and resembling those 
found m Posen, Brandenburg, Holstein and the Rhine region have been dis 
covered in Denmarkand at Xorre-LyngbyTJ 3 in assodation with a sub¬ 
arctic fauna^^A ^nd probably the first growth of forest and with a flint arrow 
head or simple tnangular blade like those which later occurred in Kristian 
sund. Rock-engravings in three localities in Jamtland and in other placc-s in 
Norway, with naturalistic representation of elk, bear and reindeer, may belong 


Campigman. The proto-neolithic peoples, the Campignian, Kitchen- 
midden and Noah et cultures, were coastal in the main like the epi palaeolithic 
dbe chmate was moist—the moisture-loving snail. Remor^lis lived at 

adi^nced over much of Europe, as in the Scottish 
Lilian T 3 J and the basin of the upper Danube ,736 and prevented the peoDl^ 
from penrtratmg far mland.^^^ though neolithic man cleared the for^ts^bv 
burmngj^* as well as by axes and by the grazing of domestic animals^^^ 
(swme, deer, sheep, etc,). 

TheCampipian Implements-the type station is Campigny (Lower Seined 
insisted of the Campigny pick (used possibly to dig up edible rnoM 
Camp^y unpolished hatchet (gr^„d-iranchet), aiid rough-hew„ hammer o^ 
axe-head, with rough awls and scrapers. Polished implements were rar^ Ld 
pottery was absent. Burials of this time arc not known ^ 

The Campigni^ is widespread and invaded Europe from in a series 
of more or less distinct waves. Absent in the gap bctiveen 1 

Denmark because of later subsidence (see p. iz66)^it is found 
north France, Italy (forming the amalgam with the upper PaLolirEi^t 
'‘GarEaniaii-740), Switzerland ,^*1 England (Esse^) S nSh^ T 
(25-ft raised beach, Ume), north Germany (Holstein ^leckf 
Pomerania), Scandinavia(kitchen-middens of the Tane^ t 
and in Volhynia, L ithuania, Poland and Russia. Of the a^f t h ^ 

Littorina submergence.745 a. first discovered in Denmark S ?8So b^P T? 
Petersen, it ran parallel with the Ertebolle culture (sec below)^ but^ranged 
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upwards possibly iuto the copper age in ltal> 7^ and into the iron age in the 
Department of ’ionne.^47 station it is not epipalaeolithic: 

for the occupants of the pit-dwellings already tamed animats, tilled the soil 
and made pots with handles and geometrical decorations. Its polished celts 
are apparently merely survivals into tlic Xcolithic.'^+s 

Maglemose or Mullerup. The best-known cultural phase of the Baltic 
region has been described from Alaglemose("great bog") in Sjaelland; 
other Sjaelland iMalities'^^o are Svaerdborg, Vordingborg, Holmegaard and 
Lundby, Ihis lake civilisation, with hunting and fishing as the main 
oixiipations—a fishing net has been found near Viborg.^si Finland—belonged 
to the Boreal pine forest of Ancylus age (see beloAv) and was surrounded by a 
rich lake and forest fauna of elk, roe deer, red deer, aurochs, ^nld boar, wolf, 
viith otter, beaver, badger, martin, wild cat, squirrel, porcupine and marsh 
tortoise: dog was the only domestic animaL The birds 752 comprised eagle, 
heron, crane, swan, ^use, grey goose, duck and cormorant. Maglemose 
man fished pike—pike remains also occurred at the lateglacial levels of 
Mciendorf and StelJmoor and in East PRissia7iJ—and fowled duck, goose 
and swan; hunted elk, aurochs and pig; and collected wild plants and nuts 
berries, seeds (Trapa aatartt. Nup/mr lutea) and other natural fruits He 
built large fires, proved by the charcoal of lime, haiwl, alder, birch and elm and 
burnt bones and calcined flints. His implements were scrapers, picks, adzes, 
d^ggpts, chisels, fish-hooks and miemUths of flint for arming harpoons— the 
larger flint implements were the pick-axe (pic) and flake-ixe (trancfiel). bone 
implements, chiefly of stag, with elk, roebuck and wild ox and the " type 
fossil of small, narrow bone points or harpoons, barbed on one side and often 
ornamented with line and geometrical patterns. These were unlike the 
natui^istic decoration current in the upper PalaeoUthic of France butstrikmelv 
like the Capsio-1 ardenoisian^s^ (see p, 85 1 ). Parallels from Eskimo maten^ 
make it certain that they were used not as true harpoons but as fish spears and 

bmd catchers, 755 

These people also made axes and adzes with sleeves, or perforated hafts of 
a^rs horn which gave a greatly extended command over Nature. While 
they scUptured animals on amber75* they left behind neither pottery nor 
pohshed axes nor any indications that they practised agriculture. Wooden 
paddles from Duvensee and Holmegaard imply the use of boats, either 
skm-covered or dug-outs, 

A human skeleton and iaw,757 the first Danish human remains, and other 
osteological material 7^8 gjve evidence of the phj-sical charactere of the race 
which appe^ to correspond to those of Cro-Magnon mao or to fall within the 
\3.riRtions or the present Huropfi’ans.^-^® 

These setdements. whose very limited extent suggests small social groups 
were gener^ly situated on low ground, as fens and rivers, or on the shores or 
islimds of large lakes or lagans, or, as at Maglemose itself, on a raft-Jike 
platform of wood. Like the Hambuigians (sec p. SSo^ who hunted reindeer 
and camped by pools and lakes in the tumeflaler, they occupied these sites as 
suminer cainping places only.That they belonged to the middle of the 
An^Ius or Boreal period7«i and preceded the kitchen-middens is shown by 
their '^-g- the mollusca {:=zone of Byl/iynia tentsoilats-Pknorbis 

o7"?’ including the pollen 7*2 analyses (the charcoal gave 

,2 /oof pme at Holmegaard and So*8% at Mullerup), and by the absence or 
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unimportance of oai:. Moreover, the horizon occurs beJotv the Littorina 
deposits in Kid BayJ *3 

That forests largely determined the environment is reflected in the ex¬ 
tensive use of wood for handles, hafts, clubs, javelins, paddle-rudders and 
dug-out canoes and of axes, adz^, etc., to deal with Emys orbitu/aris, 

Planorhis comeus and A'afoj maiifia surest that the Summers w'ere at least as 
warm as now. 


The culture is merely a specialised var^t, peculiar to Sjaelland, of a more 
generalised culture which, with the lowered sea-level of the time, spread readily 
dong the coasts of the Ancylua Lake and North Sea from Co. Durham to the 
Thames ,765 e.g. Hartlepool, Scarborough (Seamer), Holderaess, Cam¬ 
bridgeshire (Royston), Iiertfordshire (Brosboume) and the nioorlog^®^ faec 
p* 1231), The associated flint implements arc widespread in north Europe 7*7 
as far west as the Southampton Water area and Kent’s Cavern 76 « and ^ far 
north as No™ay 7 W and Sweden (near Goteborg) and in isolated localities 
over the North German Plain and up the Elbe and Vistula 770 into Poland 
Russia and the Ukraine 771 and southwards into Belgium 77 i and France 773 
Duvensee near Liibeck is possibly an earlier facies. The tradition survived 
into the Neolithic m many parts of Scandinavia, either pure or nuxed with 
newer cultunu forms. 

I'his civilisation, forced to retire by the Littorina submeigence and the 
advent of fore^. has been thought, in the absence of skeletal materiaL to 
have been denyed from Asian sources 775 (primarily because brachycephals 
from palaeolithic Europe and North Africa are completelv lacking) from a 
late forrn of tliq Aungnadan which survived in south Poland or central 
Europe into Magdalenian time 776 or, particularly as concerns the intio- 
ducuon of the axe and^thc short-headed clement into north Europe, from the 
Lymgby Ly^ghy, the type locality, is at the extreme 

northern end of Jutland (\endsyssd) and had a mixed tundra and forest fauna 
^ a flora fi ounpr Dryas period) which included such tundra species as 
ccti^tala, Betuin Ttatia and Salixpolitris. '^Phis culture had a^int— 
the Lyngby pomt-which was a symmetrical tanged arrow-head better 
named after Broi^e, the Sjaelland site where It was first rec^nised fsL 
P- 3436): implement was made of reindeer hom in which the tines have 

^en broken off and roughly fashioned as a blade or hammer-head These 
Lyngby or ^^r^sburg remdeer “^axes", found also in south Norway M- 
land, I-yn, Sjaelland and north Germany 77 a (Holstein, Westohalia 
denburg. E». .Kt of a, Ini » .Mt» SbS 

created m north Germany in Pre-boreal time but were introduced from thi 

“ ““ 

Excavations at Meiendorf, which lay In a tunnel valley underlain hv A a 
ice. and at Stellmoor (Mrensbuig) near Hamburg 7 j definitely liJlt^Sj 
Maglemose forest culture with the upper palaeolithic tundra* th/K™. j 

flint implements were associated with pollen indicating the carlv r? 1 

of Dryas time. The Maglemose was Jmbably descendld bTv^v 0^^^ 
Gemany from the MagdaJenian, ^ is suggested by the biibed 
fish-spears. chisels of hom and bone and the su^\i^•als of t,rt r 
art in the character of the omamcntation. 7 Sl J, pmbabl 
ments of Magdaicnian, Tardenoisian and Campignian 7»Ljr 
with the Azilio-'rardenotsUn has frequently betp stressed 7 »^ 
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lithic element, like that of the ErteboUej was clearly bormt ed from the 
TardenoJsian. 

The Kunda antiquiities of Estoniacontain forms most strongly re- 
sembting Maglemost types together with new ones* vi^, arrow heads with 
circular or triangiiUr cross-sections and oblique-edged^ pointed impleincnts. 
They are Boreal, as pollen analyses provCp^S^ and represent an eastern 
development of the Mullerup culture which originated in East Prussia and 
the adjoining regions and extended into south Finlandwhere they were 
partly contemporaneous with and partly succeeded by the stone " Suomusj^i 
culture ” w ith primitive, slightly ground a^ses, found on either si dc of the Gulf 
of Finland. 

The lake-dw ellings of Holdemcss and Berkshire are to he attributed 

to survivors of the Maglemose in the same way that those of Sw^itzerland'^®^ 
esdiibit many traits inherited from the Magdalcnian and As^ilian cultures, 
The culture also survived in a relatively pure form into Littorim times in 
south-west Norway (Bergen and Viste near Stavanger) and into the passage 
grave period 

Kitcheit^middens^ l*he Mullerup culture w'as followed by the kitchen- 
middens ^2 (Dan. f^akk^n-moddirtger) or shell-mounds of Denmark and 
Jactcu in south Norway: the transition is at Braband in Jutlandand the 
ty^pe locality at Ertebulle in Denmark Oak forests came right down to the 
sea-shore so that the Ertebbllc folk remained forcst-tribes, and grass or park¬ 
land forms w-erc fe^v among the animals—the Gudenaa culture^^ existed con¬ 
temporaneously in the inland districts of Jutland. The occupations of the 
people were hooking and spearing fish^ hunting with arrow^ trapping, and 
catching birds: seal hunting w*as indulged in in both Ancylus and Littorina 
times.^^ Their food consisted of the common edible shells^ e.g. oysters 
(Or/rea edulis)j cockles (Ctirdium £duk)^ mussels (MytUus edute)^ periwinkles 
(Liitorina h'ior^a) and iVa^sa ^vhich the warm w-aters made abundant, 

of fish (herring and cod) and of the flesh of sea-birds (auks^ cormorants, 
gannetSj gulls and swans) and animals* The vertebrate fauna comprised 
stag, roebuck, pig, bear, wolf, beaver, w ild cat, sheep, deet. Bos primigetiius 
and seal* Dog, the sole domestic ammal^ consisted of a small race, Cairtj 
palustris and a large race^ C. which extend back¬ 

wards into Aiilian time in the Baltic re^on. I'he small race> of which the 
C. paliistris of the Sw^iss lake-dwellings is a smaller descendant,^® may have 
descended from a jackal,™ from a small wolf,^ or from some extinct species 
resembling the dingo that lived in Eurasia(see below). 

The implements associated with the shell-mounds, whieh frequently 
stretch along the contemporary' shore-line for over loo m, were made of bone, 
such as stag's antlecst and included awls and chisels and similar smaU and 
simple articles and cx!casional barbed bone points that probably continue un¬ 
broken the Maglcmose and even Magdalenian tradition,Flint micro- 
Hths disappeared entirely save for ttie triangular hatchets and chipped, 
occasionally polished celts and transverse-edged arrow heads w hich abounded 
and the Skivespaher, The atone types show a continuity with the Magic- 
mosfi as well as new departures. These included the technical use of basalt, 
gneiss, granite and porphyrj' which were ground. 

Coarse hand-made eanhen^varc vessels, small bowJs (used as blubber 
lamps and deep " comb " pots are found in the later le\^ls of the mounds, 
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together with layers of charcoal and old hearths of Hat, burnt stones. The 
pottery, with its bO'ne combs and bracelets, is an important new' feature. It 
probably represents a ne^v cultural borrowing from the first dolmen 
builders^ or the neolithic immigrants moving in from western Europe or 
the Danube valley. 

The kitchen-midden people, of whose physical features we are almost quite 
ignorantwere distributed along the open coast during the maximum 
Littorina submergence, deriving their sustenance from its abundant food 
supplies, including oyster banks. They also occupied sheltered valleys 
running inland from it and the shores of inland lakes, living in these places 
all tl»e year round.®® Besides Denmark,®^ where they were first dis¬ 
covered, they occurred along the west coast of Sweden from Scania north¬ 
wards®* {greenstone is often used here in place of flint which is rare and of 
mediocre quality), c.g. in the Lihult ty'pe of Bohuslan, along the w'est coast of 
Norway and around the large lakes Vanem, Vattem and Malaren; this NosD'ct 
type,®®’ named from Nostv'et south of Oslo, has axesof fine-textured greenstone 
which show an evolution in cross-section from triangular through trapezo- 
hedral to rhombic and were either derived from kitchen-midden peoples*® 
or evolved on parallel lines w'ith these*'’—it was probably contempoianeous 
with the Komsa-Fosna culture.*'^ The vases, both in form and deoomion, 
go back directly to Brtebdlle models; kitchen-middens also occur along the 
east coast of Sweden {Ootland to Finland and the Aland Islands) where the 
culture possesses elements from Mullerup and megalithic cultures. 

Kitchen-middens, now sunk beneath the sea, are found in south Denmark, 
at Rugen and in Kiel Bay.*® They also occur at Hastings and Lower 
Halstow in south England,*1‘» in Scotland*® (e,g. Firth of Forth, Moray 
Firth, Outer Hebrides), all round the Irish coasts**® and to the Tagus**^ 
where they belong to outposts of the epipalaeolithic survivors of the Capsians, 
or late Natufians of Palestine, and coastal .\sturias and Catalonia.*'* The 
Skm«tpalter has been traced from Scandinavia over the North Sea coast into 
Belgium, France and Italy,*'® and flint implements, similar to those of the 
kitchen-middens, into the French Campignian and I,ower Rhine*® and even 
into central Europe.*^' The dense kitchen-midden settlements of the 
southern shore of the North Sea and the Baltic are still submerged. 

The kitchcn-mtddcns were coeval with the Campignian of west Europe 
and they' e.\tended over 2000 years of the .Atlantic perjod,*2J 'iTiig 
out by their poUen-floristic relationship (their charcoal contains oak in great 
preponderance with birch, elm, aspen, hazel, alder, willow and ash *®)^and 
by their relation to the I’apes-Littorina Sea. They were distributed alone 
the shore of that sea *25 often termed the StendMerkafvet *26 stone-age sea *'l 
or .Vw/iVA/ra/ccfAft Mihough often regard^ as belonging to the maximum 
of this transgression,^* there is reason to believe that they preceded it*® 
(the Lihult a.xes in Bohuslan were pre-Atlantic*® and the Nfistvet culture 
was contemporaneous with the oldest Ostrea banlEs«3i) and the middens oass 
beneath sea-level in south Jutland and Schleswig-Holstein to reappear on the 
Belgian coast and at Hastings. The culture survived in Scandinavia 
Old Stone Age up to the close of the New Stone Age.*32 ^ 

The middens continue into neolithic time as proved bv vases and celts -it 
Langeland, by the bones of domestic animals (ox, pig, sheep, goat) and bv 
grains of wheat in the upper shell-mounds at Limhamn in south Sweden 
Many German and Swedish archaeologists, including G. Kossina *33 belief 
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therefore that the neolithic civilisatioii arose spontaneously in Scandina%'ia. 
The cultural backwardness of this peninsula, however, which is shown in 
the late arrival of the copper and iron ages^ suggests with other facts that the 
neolithic peoples were invaders from the south-east*^'^ 

The Astiirians,^^^ %vho dwelt in caves on the Spanish coast of the Bay of 
Biscay and lived on shell-fish^ %vere a remnant of the Magdalenian*^*^ who 
survived to be contemporaries of the kitchen-midden peoples farther north. 

Domestic animals. The origin nf the domestic animats is still uncertain 
and much disputed.^^'^ Much of our evidence comes from the Swiss lake- 
dwellings where ilie importance of tlic domestic animals increases with 
decreasing age from the earliest time,®^^ where Cm-us ekphas was pre¬ 
dominant (Gcr. Ifirscfii^eit} and where the primitive domestic animals were 
Canisfamiliaris palmfriSj Sus scroja palusiris^ Capra hiraiS pahislris, Ovis arks 
paliistris and Bos tanrus ^aehyreros, all forms recognised by Rutimeyer, The 
dog was apparently the first animal to he domesticated (see p. 855). T. 
Studer®^0 recognised seven races, now usually reduced to five,®^^ based on the 
absolute sisse and the relative development of the length and breadth propor¬ 
tions of the cranium. A, Brinkmaim,®^“ with the concorrefice of many 
wTitem^ distinguished nvo main races of diphyletic origin, though it seems 
probable that the oldest domestic dogs were descended from an ancestral 
Species of wolf allied to or identical with the dingo.^^ Dog is knowTi from 
the Maglemose stations®^ of Mullerup, Holmegaard and Svaerdborg, from 
the Ertebollc kitchen-middens,®^^ from Morbihan,®^ from Vi$tc near 
Stavangerand from the Swiss lake-divcllings®^® (= Cams fmmtiaris 
pahistn's). The neolithic and Bronze Age sheep w^as a small "goat-horned"^ 
variety wluch is known from representations of the third millennium B.c* in 
Babylon and may have been domesticated in Turkestan about 6000 B.C. 
but its origin is uncertain since wild prototypes are unknown.®^ The neo¬ 
lithic goat, deaecnded possibly from Pleistocene goals,belongs to a species 
tvhich still lives in Crete and is widely distributed in western Mia. The 
domestic pig is derived from the wild boar wWch is native to North Africa, 
western .Mia and Europe ( 5 ii^ sara/a f^rus) and was domesticated indepen¬ 
dently in various parts of Europe, e.g. Sw^eden, north Germany and in 
Switzerland where pig occurred in the Swiss lake-dwellings {Sm scro/a 
palusiris). 

The tAvo main groups of the domestic ox^ the long-homed, broad-browed 
variety and the short-horned, narrow--headed variety (Bm laurus langi/rajis) 
are both found in the Danish and Sw^iss Neolithic. They were dcrit'ed from 
jB. pnmigemus.^^^ Chums for the making of butter are known from the 
Swiss lake- d wells ngs.®S 3 The domesticated horse reached Denmark during 
the megaJithic period, probably from the grasslands of south Russia where the 
domestication may have taken place. 

Later peoples. The food-gathering mesolithic peoples w^ere succeeded 
by neolithic invaders w'hose civilisation» based on agriculture (wheat and 
barley) and the domestication of certain animals, first arose in western Asia 
and Egypt somewhere about the fifth or si?tth millennium B.a An account of 
these important movements and cultures, which li^ more properly in the 
domain of archaeology than of geology, i$ outside the scope of this work. 
The full and excellent treatises now available®^ show that while Europe was 
still sunk in epipalaeolithic barbarism, true dvilisation, such as that of the 
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Sumerians, had arisen and was firmly establbhed in the x4ncient East* The 
migration period of the neolithic culture across Europe from east to west may 
have been 6000 years, for copper about ^500 years, and for broiue about 
3.000 years.*^^ 

The megalithic civilisation of the stone graves (dolmens, passage graves and 
stone cists, developed in this order) had no forerunners in the older cultures 
of the north. 'Fhese Bronze Age invaders or ** Beaker men”®^® (= Round 
Barrow men) were stock raisers and practised agriculture (barley, wheat. Rax). 
They had polished axes> perforated axe-hammers and arrow heads and made 
ornamental pottery. West Europe (Iberian Peninsula, Franctp British Isles 
and south Scandinavia) was their home—they arrived in Great Britain in 
Bronsje Age I or r* 1900 a.c. The polished stone “celt*^ type fossil of the 
Neolithic, apparently dates back to Boreal time in Kunda and to the end of 
the Pleistocene in the Ukraine^s^^ 

The settlements of these broad-headed peoples were chiefly on loess, 
north Bohemia, Moravia and Thuringia^ or on sandy patches, e.g* Oder 
mouth or shores of the Zuider Zee. 

Wliile plants, including fruits, were collected and used by early man>*^® 
cereals and other cultivated plants were of later introduction the occurrence 
of wheatt claimed for ^-arious mesolithic localities,®<® is seemingly doubtfuh®^^^ 
The ultimate source of wheat (wild emmer) and barley is the "Near East.®®^^ 
The megalithic people of Denmark cultivated little else but wheat. The 
battle-axe or single-grave people grew exclusively barley (p. 1497). Emmer 
and barleys are associated with BronKe Age barrows in England.®*^ Oats first 
appear in central Europe and Denmark during the Bronze Age and occurred 
mth rye in England during the Early Iron Age.8**^ Flax-seed Is known in 
central Europe from late-neolithic time. Further light on the history of 
cultivated plants h thrown by researches in the lake-dwellinp,®®5 
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PLEISTOCENE STRATIGRAPHY: GENERAL 
CONSIDERATIONS 

The cl^ificalion of the Quaternary ha$ been attempted in various way$: 
by reference to the &utc^lon of glacial events, to vertebrate faunas, to the 
evolution of human industrie-Sp and to the in vertebrate faunas in marine 
terraces. But the subdivision and classification of the Quaternary Era form 
a very tangled skein* Normal stratigraphical methods^ applicable to older 
formations, break down to some e>;tcnt when applied to the Quaternary. 
The marine formations arc generally exposed only on the contmenta! margins 
and its terrestrial deposits have few fossiU and are thin, varied and inter¬ 
rupted and often juxtaposed instead of superposed. Lithology is controlled 
by the underlying bedrock and continuity cannot be assumed without con¬ 
tinuous exposures which arc unusually liable, being unconsolidated, to soil 
movement of various kinds* Successions, therefore, are apt to be local and 
limited: altitudes are of unproved worth. The period w'as very' short and too 
short for any appreciable evolution of invertebrate or vertebrate life^the 
Pleistocene genera had already appeared in the Pliocene j and palaeoHths have 
not the certaint)' of continuously evolving organisms and are absent from the 
earlier horizons. Moreover, while the organisms were liable to slight evolu 
tionarj' change, they were subject to great migrations by the ice-sheets and 
tlie attendant physical and climatic events which caused a replacement of 
Pliocene survivals by ‘' modern'^ forms and a mLting of faunal elements that 
reached a maximum during the Last glaciation. 

Nevertheless, the Glacial period, thought by early geologists to have been 
one and indivisible, has been shown by later studies to have been complex in its 
events. Mild or genial epochs between the glaciations have been established. * 
During these interglacial times the ice receded or, in the extreme cases, dis¬ 
appeared completely in response to pronounced or widespread climatic 
changes, distinct from the small and strictly localised variations that brought 
about transitory' oscillations of the ice-margin. With these epochs, to unravel 
which much patient research is still necessary, the age and distribution of the 
prclient and past faunas and floras and the appearance of man m the Old 
World are intimately connected. Agreement has stiU to be reached on the 
number of the glacial epochs and upon the rebtionship of these to human 
cultures. 

Historical. Repeated glaciation was suspected by L* Agassiz for the in¬ 
sufficient reason that erratics occurred beyond the outermost moraines. 
Collombj^ in the Vosges, was the first to recognise a double glaciation though 

* WTiilc th« English-Americdn '^Ice Age" m ''Glacial compilsea all ihc 

Pleistocene ^lactatidnA, the Frcrtrch p&iadi giOfTOie and ScB;ndin.qviitn iiiid mean bath this and 
a single Kldtlal epoch. The Gcfman EitSeit signifies one ghiciftJ epoch, the whole Ice Aire 
beipsf lermed Etjseifalier. GEadal period ia used thnoughouc this bocik for the whole 
Pleisioccne and epoch for the tajparatc Rkpal di vision* in accord with the rccommendiitioiit 
of she International Gcologdoil Congrewt.^ It has, however, been suBjjoncd ^ that the major 
units be called " agra^' and the cartCAponding depcdiis " stages 
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L Venets;'’ had trarlier {1S33) conjectured it for the Alps from the existence of 
two morainic zones and the Lignites between tills (A. also noted these 

at Dumten) and l>ecause glacial erosion was difficiilt to reconcile with glacial 
deposition. A. C. Ramsay* and R. Chambers'^ found evidence of a twofold 
glaciation in Great Britain, 

A, Morlot's obsen ations in the valley of the Dranse^ Jed him In 1855 to 
similar conclusions. Partly palaeontological and partly based upon the con¬ 
trast presented by the compact lower till and the oxidised and more friable 
upper boulder-clay and by the inner and outer moraines, his deductions 
anticipated by many yearg those of Penck and Eriickner^ and other glaciaJists. 
O. Heerp^<^ introducing the word ** interglacial showed sometvhat later 
(1864) that the double glaciation postulated by Morlot was true for the w'holc 
of Switzerland since the mild interbedded flora tvas incompatible with ex¬ 
tensive glaciation. The Sckkferkohlm^^ or compressed vegetable layeni con¬ 
tained in addition to pine, spruce, fir, larch^ yew and birch, Querctis ffiiwr, Acer 
pscudopiiitattus^ A, platamides^ Tilia ptaiyphytliis, T. ci?rdat&, Fraxinus 
excelsior, Hedera kdrix, flex uquifoHum and Buxi^s letfipm-irens. 

Although S. Gras*^ supported this view for the Dauphind Alps and Rhone 
vaJleyp partly because loess occurred between the boulder-clays, and 
F, Muhlhergt3 did the same because the schotter had a similar mode of occur¬ 
rence, many geologists including A. Favre,P, l^r>^ A. Falsan, G. de Mortilletp 
B* Gastatdi and C. Grad continued to interpret the evidence as implving only 
oscillations. This w'as disproved by the disco very' of the Hotting Breccia 
between two moraines (see p. 936), of a similar relationship at Pjanico, and 
of the multiple Huvioglacial series by Du Pasquieri"^ and others. 

The Sw iss conclusions, championed in France by \L Boulcp^^ found favour 
in Eritain, particularly by J+ CrolP* and J. GeikiOp^^ the one appealing to 
astronomical causes of a recurrent nature^ the other invoking these and certain 
Scottish evidence that his brother emphasisedand affirming a fourfold 
glaciation for east England. The British Interglacta] epochs were primarily 
baaed upon sands and gravels sandw iched betiveen tills, the so-called Middle 
Glacial Sands and Gravels of England (see p. 991) and Scotlandp^^ and later 
upon the shelly drifts (see p. 630). O. TorelFs recognition in 1S65 of a 
Younger Baltic Tcc-stream was the point of departure for the interglacial 
theory' in north Germany. This was borne out by the double sy^stem of 
striae^ in Scania (associated with drifts of difl'erent erratic content21)^ 
holm, Gotland and north Germany, and the two distinct German'drifts 
recognised by G. Berendt^^ and K. A. Lessen and interpreted as products 
of separate glaciations by Helland in 1S79 ($ee p. 939) after the glacio-natant 
hypothesis had been abandoned. 

In Russia, 2 ^ the first evidence of an interglacial flora was discovered in iSqo 
near Moscow by N. I. Krischtofowitch hut was received doubtfully un^ 
N. N. Bogoljubow found plant remains near Likhvin in 1904 

In North America, vyhere the simple monoglacial succession was given as 
Glacial, Champlain (or J errace) and Recent, the evidence was twofold The 
buried soils (with shells and bones) discovered about iSto^^ Ln th.* 

West (Illinois, Ohio and Minnesota)^ best Pleistocene succ^on in the 
world (see p, 967)—were first regarded as tokens of dwiaciation hv I S 
Newberry',an opm^n af^rwarJ adopted by W. J, M.Geo^? for lo^'a and 
generally by Chamberlin.^* The «cond class of cadence was physio¬ 
graphic: the topography and state of weathering of the main mass of'drift 
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contrasted with the Extramoraintc Drifts or Fringe “Attenuated 
Border”.3i This outer zone has few erratics or striae and no bounding 

terminal moniinc. Chamberlinshowed it was the product of an older 
glaciatipri in Pennsylvania and Salisbury did the same for New Jersey* 

Interglacial epochs, whose climate and duration are not elucidated by polar 
studies^ can only be established by a concerted attack along many lines, 
namely, by combining results gained from topographical» lithological, strati- 
graphical and palaeontological investigations and from human cultural 
sequences, based upon man-made implements and on stages in his skeletal 
evolution. 

Topographical proof. One of the strongest proofs was early seen to be 
the topographical contrast between the “outer” and "'inner” drifts (S. V, 
Wood's “major” and “minor” glaciations^). The outer drift, stjled the 
fringe or attenuated border in North America (see above) and Low“cr 
Diluvium in north Germany» was noticed by A. Guyot^^ in Switzerland^ by 
H. Bach (1869) in Wurttemberg, by T. Taramelli (1881) in Italy, and in Eng¬ 
land^ by R. H. I'iddeman, J. Geikie and S. V. Wood. Except in rare caseSi^"^ 
it has the impress of great a^liquit>^ It frequently occurs in detached 
patches, as in depressions and sheltered localities w^hich ow^e their isolation 
to discontinuous deposition or to later destruction of a once-continuous 
sheet,Its surface is mature and often featureless, except where it has been 
submaturcly dissected as in the Dissected Til! Plains wtiit of the Mississippi 
and those of the Kansan glaciation where the larger streams are incised to 
depths of 200-400 ft (60-120 m) and tributaries to at least 200 ft (60 m). Its 
epigenetic x^leya are much wider than those in the newer drift (the ratio is in 
places io:i^^), hollows are partially or svholly filled up, lakes are few, and 
streams have shortened and graded cours<r$. Tributaries have branched out 
in dendritic pattern-^ ; overflow valleys, as in the south-east Pennines,'*^ have 
suffered much from subsequent subaerial attack; the subglacial Rimtenseen 
have been filled in^^—the I^iineburg KieSelgur lies in several such lakes; the 
occasional osar present softened outlines,**3 as in Holland; drumlins, as in 
the Chalky-Jurassic Boulder-clay of East i\nglia*‘‘W have been largely obliter¬ 
ated; and moraines and kames, though sometimes present,'*^ as on the Saale 
(or even the Els ter glaciation of north Germany or on the Kansan and 
Ilhnoian drifts of North America, may be recognisable less by their form than 
by their structure and composition.**^ Osar, remarkably fresh and belonging 
to the Saale glaciation, are still preserved in Silesia and north of Brerrien'^^— 
the coarse gravels allowed the rain xvaters to percolate (cf* p. 505). 

The drift is deeply and intensely weathered: its upper kyers are iron- 
stained and leached; its boulders, unless for example in hard quartzite 
drift,"** are in an advanced state of decay, being either quite disintegrated or 
having a deeply weathered rind. Felspars are kaolinised and the lime has 
been removed so that siliceous, argillaceous and ferruginous materials pre¬ 
dominate. The rock, e.g. the Austrian Nageifiah, is sometimes so hard that 
it may be used as a building stone."^^ 

The border thins to a feather edge which is difficult to fix with exactness. 
Beyond it lie scattered erratics and occasional trains of gravel,^ though the 
rarity of these may be oTigiTial,^* and, as in the Mississippi region, may lie due 
to the clayey nature of the primar)^ material as well as to the later destruction; 
for in the east, where there is a dearth of clay, outwash does occiiTt e*g* in the 
Illinoian outwash in the Allegheny and Susquehanna rivers. Terminal 
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moraines are rare but have been noted In Iltjlland^^ where thej^ run aouth- 
i^-ards from the Zuider Zee over Amersfoort (= Amersfoort Stage)^ and 
beuveen Nijmegen and Hulserberg via Klc ve and Krefdd rise as a steep ridge 
50 m above the surrounding plain (see p, 1167). They have been seen else¬ 
where in Europe(Germany, Galicia, Russia, S^'itiserland and England) and 
in North America^ (lowa^ Illinois:, Wisconsin). 

The Newer Drifts, as emphasised repeatedly for the circumbaltic landa,^^ 
differ strtbiiigly from this Older Drift in their relief and physical characters: 
the difference has been presented graphically.^* The surface is fresh and 
little subdued by meteoric modifications—the average depth of leaching of 
the Wisconsin drift is perhaps 2*5 ft (76 cm).^? The topography is restless 
and confused, abounding in moraines and takes and sleep slopes. The drain¬ 
age is immaturci as is illustrated by maps of Europe^s peat distribution,^® and 
does not fall continuously except along the bigger streams. The materials are 
only slightly altered, even porous sands being calcareous almost to the surface 
and richer in plant foods than those of the older drifts. The bounding 
rnoraines, as in Switzerland and North America, are more lobar.*® Notable 
differences between soil profiler have been used for accurate mapping of the 
drift^borders, e.g. the Wisconsin and Illinoian boundary in Indiana.^ The 
Dutch drifts, which belong to the earlier glaciations (sec p. 941), differ from 
those of the last glaciation in north Germany.^l 

In the mountains where dep^itional records give place to signs of erosion, 
and where evidence of interglacial recessions has been mutilated or de^royed, 
different erratic heights (see p. 40), changes in the direction of glaciers, as 
in the Sierra Nevadas,*^ and stream gorges (enclosing drifts reposing on 
glaciated surfaces in the sides of U-vdleys) may, as in the Finger Lakes 
region of New \ork, provide the required sequence.®^ Multiple benches 
have been regarded as cyclical (see p. 320)- double U-shaped elements 
suggest a double glaciation for Greenland,^ 

StratigraphicaL Interglacial or "tvarm^^ epochs are proved strati- 
graphically by sheets of till, fluvioglacial deposits or loess which are ^parated 
by zones of weathering and by fossilifemus beds, either fluviatile lacustrine 
or marine, e.g. on Ung Island, or by peat, forest or other vegetation layers 
lignites, soils, tufas, iron-ores and diatomaceous earthses (c v lutland 'ind the 
p.i«burB=rHeide). ^IXx.pliverrf«i„„, ™y.pri„j 

human disturbance of the ground.« The epochs may be indicated too bv 
erosive discordances, as in Iceland^^^ ^herc they arc associated vnth lakc-clavs 
flimatile^and aeoban accumuJatbns, etc. (collectively designated paJagonitic 
tuff) or by weathered sheets of dnft buried with their gkeia] epigenetic and 
stream-eroded valleys,*® sometimes hundreds of feet deep « e a in the R™-kv 
Mountains of Montana and the San Juan Mountains of Coloradp (in thJ 
latter case exposing rocks which firstappear in later tills}. The upoer boulder 
cky may clothe their sides imd floors and if thin may be unabk to^s^ise 
them or a>nfiguratton The drainage on the earlier surface 

may ^ve differed from the pr^nt. This is sho^vn bv local variations in 
depths of the drifts m the widths of the vaUeys. and in the angles at tl'ch 
the inbutancs join the tmnk s-tream. ^ 

The buried drift is frequently leathered and decaved in ,v . j l 
espccially in the gtalagische Orgeln^in Germany it m^v amount'to 2^ 

The alteration was by solution, hydrolysis, the formation of j 

crystalloids, the action of sun and frost before plants advatLd u^t. 7 ^ 
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ground Rud of organic acid$ afttr the vegetable carpet was eatAbliahed. The 
order of the change is from oxidation (especially of iron compounda)^ the 
pioneer reaction, through leaching of the primary carbonates, to complete 
decomposition of the drift, including its ^*clay minerals*' which form the 
sticky gumbotiL 

These xveathered, brown or yellow layers^ the North American gum¬ 
boils(in which decomposed stones are still visible by faint outlines)* are 
especially thick in northern Italy (/erre/Ot a sticky, impermeable red clay 
up to 75 m thick) and Austriaand are important in north 
Germany where a single profile may intercept two weathered ^ones. 
Weathered striae and pedestal boulders accompany them^^ The depth 
of the decomposition depended on many variable factors, such as climate, 
topography^ drainage, permeability and chemical composition of the drift. 
Permeable drifts in which decomposition was verj^ deep may have their age 
determined by the extent to which decomposition has penetrated the contained 
boulders^"* The gumbotib of North America, beciuse of their distinctive 
characters, wide distribution and topographical positions, are the most satis¬ 
factory criteria for distinguishing the older drifts (see p^ 9^)- reflect 

different types of drainage: in flat uplands with poor drainage typical gumbotil 
k found, while open-textured silnii occurs in well-drained areas and mesohl 
in areas of intermediate conditions of dralnage-"^^ 

Oscillations of interglacial magnitude may also (but not necessary) be 
indicated by the following; the orientation of boulders in the drifts- in 
north Germanvi tliosc of the Ebter glaciation are orientated east-w cst^ of the 
Saale north-south (see p- 940) i persistent beds of sand and gravd of wide 
extent'^® ($ce above); interbedded casts of ice-wedges, block fields,! involutions 
and other solifluxion features; discordant trends of morainic groups or of 
current bedding in outw^ash sheetssuperimposed tilb of different com¬ 
position^ colour, texture or structure,^® e.g. the Nebraskan and Kansan drifts 
in Iowa, the drifts of Illinois and the Dutch drifts; different ermtic ratios, 
stone-counts and quotients^—in north Germany, each drift has its distinc¬ 
tive stone-count, die Elster glaciation being disdnguished ov'cr part of its 
course by 60% of erratic boulders from Finland and Aland, the Saale by 60% 
from Norway and west and south Sw'eden, the Warthe by 40% frorn Finland 
and Aland, and the Weichsel by equal distributions (see p. 939); the com¬ 
position of mechanical fractions (by sieves) 0-5-1 "O mm, mm and 
2-20 mm®^ (limestone, dolomite, quartz sandstone^ felspar, etc.) in Latvia; 
different grain sixes®^ j heavy mineral contents®^—in Holland®^ the Reuverian 
has tourmaline, zircon* rutile (w ith stauraUtej, distliene, andalusite, and silli- 
manite) and tlie ^fegelcn has garnet* epidote and amphibolei landslips along 
the sides of valleys, as in the Alps®^; striated pavements®^; faceted pebbles 
meeting at an angle» the one set fresh, the other set weathered®*^; striae pre- 
seiv'cd on the Ice-sides of earlier icc-worn facets®'^; the microflora of the tiU®^; 
intcr\'als of soil-formation in coastal dunes of Australia (Victoria®^) i variations 
in the productivity of the major phosphatic islands of the west Pacific^; and 
the contents and sediments of cavea^^ (apart from their organic remains)p e.g, 
in the Mediterranean and central European areas—loose, unstratified cave- 
earths indicate wind-action (arid climate), breccias, frost, stala^itcs moist 
conditions, and marine deposits (with a warm fauna) warm conditions. 

Cross-striae may suggest an intern al of dcglaciation. Two or more seta of 
striae are observed crossing obliquely or transversely without intermediate 
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bearings on a single face or lie on adjacent faces which may meet along a 
bevelled edp.^i They were first obser^'ed by A. Escher^-J'in Switzerland 
and by E. Collomb^ beneath the Roeenlatii Glacier and are usually confined 
to low ground where the ice oscillated and erratics from various directions 
mingled. ITiey have been accepted as proof of a two-fold glaciation 
(CharpenticrS '5 early ascribed the Swiss ones to an ice-sheet and local 
glaciers)) notably, as in the Baltic region and north Germany (see above), 
where they rtm regularly oyer wide territories. This is the more probable if 
they are associated, as in W isconsin,^ with different boulder-t rains at different 
horizons in the drift, or, as in Finlandwith grooves in the drift plains. The 
earlier set may have been protected by thick drift,especially if the surface 
had hollows, or may have been preserved because the later ice was thin and 
feebly erosive.^ 


Such cross-stnations, as affirmed for the Baltic, attended oscillations of 
1^ than interglacial si^iw and accompanied changes in the boundary and 
slope of the ice, feving been directed perpendicularly to the edge in "axi- 
radiant fashion^oi as been seen for instance in connexion with the 
modern Richter Glacier of .\rgentina,l 02 They also arose from the VTiryinK 
strengths of op^sing i«-ctntres, as when these migrated (see p. 670). or 
from changes within a singlejmrrcnt of ice incidental to vicissitudes during 
the declining phases and thinning of the ice and the growing influence of 
the relief upon its shrunken outlines and flow.KH They may have sprung 
M from vamtions m the resistance to flow- due to the removal of features hv 
icc-eresion, or in the direction of flow consequent upon faulting a 
Tiva^tng and tiJting of the land^o^ or obstructive roches moutonnees 

Prmf in ™ount!uns outside the ire-centres may also be physiographic. It 

Sin^t'"dSaIn drifts 

and m the elimination oflates ^ a result of the lowering of outlets or of 
dehaic advances; by the depth of stream-cut valleys in moraines and dSb' 

JreracL are ^so ofre^LX'TnThT^^^^^ 7'"‘ 

only a limited value. ^09 changes in sca-level, regional uplif^andSL^^^ 
movements combine to compbeate the climatic record (see p 102^ 
Polyglacialism in lower latitudes is suggested by eeo % 

different kind. Such are the ancient coStal dunes * 

of the sea made possible (sre p. 1358) and the repeated weath lowerings 
tropics, e.g. at .Mombasa', whichl^ith the evSre ^ re^d hil"“ 
levels denote interglacial epochs in Greenland and AntarSS no 
Riipid or abrupt changes in lithology, both verticallv it 

with the unconsolidated nature of the deposits which fa together 

quickly ubscurcc cxpcurcc. make i, didSte "“.fe 
sections and even more hazardous to correlate over Ion? ^twiren 

reason palaeontological aid is particularly welcome. ^ For thb 

Palaeontological. The Plefstorene had in the 
floras and faunas, as is shown for example by the British contrasting 

lusca.’>l The warm assemblage included CwfoVui, a mol- 

dilrnwHa and other molluscs among the invertt™ratrel*t’"’*^^il^’ Pahdina 
chaude (see p. 791) among the vertebrates—the w^m trin 

rreSdS? 

VMduu .be uuuu.„, .buy L 
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and outside it bctiveen loess and outivaali sheets or in river-terraces and »ve 3 . 
Hippopotamus could have lived in west Europe only in an oceanic climate 
with mild, open winter. Like its living representative, it was adapted to a 
warm aquatic life. 

Corbicula fluminalhy which appeared in the upper Fliooene,^^-^ e.g. m 
France, Italy, Greece, Hvmgar>' and England (Norwich Crag; cf. p. 599), is 
now found'J'^ throughout Africa from Natal to Egypt, and in j\sia from 
Palestine through 'I'ranscaucasia, Turkistan and central Asia to Japan 
During the J’lcistocene it had a wider distribution; it spread farther noirh 
in Europe; it occurred in England^{the specie^ is strictly C. consobyirm )f 
e,g. in Somerset (related to the raised beach at Weston-super-Mare) and in 
deposks of the ancient Thames-Rhine system, c.g. at Sutton and Copford 
in Essexr iu the *^rhames terraces, aa at O-'tfordj Crayford^ I!ford^ Gni^s ®nd 
Clacton, in the Cam at BamAvell, in the interglacial grayds of Kelsey Hill 
and March (= derivative) and on the bottom of the North Sea. It also 
occurred in Belgiumn^ {Campignien and Moseen)^ HoUand,^i« north 
Germanv^i^ fe.g. Halle, Thuringia, Flaming), Francei^o (e.g, Abbeville), 
Hungarv^^^ and parts of Russiaand Siberia^^^ The Nile is to-day lo C 
warmer than the European rivers^ 

As a rulcp however, non-marine mollusca do not aid much in cstaolishing 
a succession, except bv their very^ presence: their biotic requirements are, 
generally speaking, relatively unrestricted, they arc liable to be locally 
conditioned, and they are readily removed- 

Within the glaciated territory , interglacial horizons are rarely more than 
fragmentary'. Later glaciations have removed them and the older S*^*j*^ 
signs by direct glacial scour gr by fluviatile or fluvioglacial action. as rolled 
bones and clay pebbles in the deposits testifyEarlier horizons (^pecially 
have been subject to greater chances of destruction or, if they survive^ have 
been buried deeper. Since earth-movements have not brought the lower 
accumulations to the light of day, interglacial hori^ns pn o^y be recon- 
stmcled by combining profiles in coastal sections, as in Britain, Denmark ana 
north Gerinanv, and by sections in incised meanderst as in the Niemen 
basin,or from information supplied by bore-holes sunk for economic pur¬ 
poses. They are obriously best studied if the drifts are spread out over vast 
plains, as in north Europe and North America, and are much less satisfactory 
in the restricted field of the Alps or other mountain centres of lec-radiation 
w here the relief was higher and the flovy more vigorous. 

In deciphering the succession, species such as land mammals which can 
easily migrate are least suitable and carnivores are less trustworthy than 
herbivores which rely directly upon vegetation, Euiythernial forms, he, 
those such as mammals or warm-blooded animals which can bear considerable 
changes of temperature and have wide variability and powers of adaptation, 
are less useful. Small mammals withstand w orsened conditions better than 
bigger ones which, if they wander less frequently, find the nec^^ry space for 
their continued existence free from competitors already adapted to the 
environment. Yet the smaller creatures show' the greatest amount of 
extinction and probably of speciation. Insects, whose development 
periods depend upon the summer temfxiratures, are also impoi^t. Much 
can be done where collections of fossil mammals are very rich, as m the 
Great Plains of North America where, for example, the bison s relations 
to the glaciations are as foUows^^®: Bisott iaii/rotts and B. allentt Yarmouth; 
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B. antiquus barbourt, Sangamon; B, anliquut. Mid*Wisconsin; and B, 6ts0tit 
Recent. 

great adaptive jjowers of animais^^^ and the mingling of neighbouring 
bioto^ to-day show the need of caution in the use of this class of evidence, 
which is perhaps less reliable than soils or other physical evidence which are 
not subject to such adaptations. Thus the lion lives in open zoological 
gardens in Hamburg and London in frosty winters and in parts of Abyssinia 
where the winter temperature scarcely exceeds o"C and in the coniferous 
forests of Mount Elgon, - and the woolly coated tiger crosses frozen rivers to 
feed on the reindeer in Manchuria-iw The musk ox, an exclusive denizen 

j to-day, lived on the Pleistocene steppes also and tlie reindeer is 

adapted both to tundra and boreal forest. 

1 he European Pleistocene distributions may have been as followstM: 

(i) Tundra: Vulpes hgopm, Gulogtih, Upus iimdta, Dicrostonyx and other 
l^mings, luhorhmtis antiquitatis. Rotifer utrandm (tundra form), 
Uvtbox meschatuj, Eiepkas pTtmigmias 

coniferous forest: LW orctor. G«h guh. Lynx lynx, 

/,! T, A^gr/er tarandus (forest form), £« primipenius. 

(3) Tempemle deaduous forist: Unns arctos, Lynx fynx, Ditertbinm 

(5) Lc^ss steppe: fauna ax in (4) with I'n/pe, hgapus, L^ns timdus 

''’^cIST’ no biotopo 

W. Soergel> 3 l calculated that 8q e% of the intenTfar,;..! f 
forens 83%of the glacial fauna ^ere foons of 

Plants, which are better preserved than Tpr+lor,, 
fos^iliferous layers and in tuf^, e^ at CelLi^Ml''vr 
Cannstadt and Taubach in Gen^ativ'^^ have 

establishing interglacial epochs: they include for exartinlic'^li employed in 
and more than 250 species of mueses. 1 3 J Neverthele« ^ 1 ’ “ 

fraction of those that were then living. Thus nniv'lk ' ® 

Pleistocene plants have been identified in all \orth Am 
more than 90% of the plants now- livL in th^relv 
ence .«34 Though dependent upon food.^hclJer 

petition, as well as upon climatic fectors plants eJtceasive com- 

to apply more rigorous methods and to d^ermine and enable us 

TTie^n temperatures and humidities the duraH/^n *k ^ minimum £md 
Taxu.barVata, Trapa nalans, 

spaliiaeeum are among the plants >35 that purpurea and IhilUhium 

Sd<ly dtarilMiKd ph™, iJc|ud= .lE “v O*"- 

betulus, Corybis azelhmo, Pieea excekaf Tilia 
demersum, Ly^pus eurvpaeas, Menyanthes triMiita S/. ’ 

Potamogetna}^*^ The well-known tufas of 1 ^, i^’ 

poplar, TUm ulmifoUa, Coryhs mellaaa, Quercui r^nr te^ch. 

Lonieera. i\ams fltxilu (fig. 171} has been found in Pola{Tt™thL^^n^** 
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mirian and in Maso^ian 1 and II and Naiat marina in the last two horiaonsi^s 
and in several other European local Fagus tyivatiaa lived in the 
Mindel-Riss and Riss-Wurm interglacials in both north and south 
Germanjr*^^ In Russia,'** plants grew north of their present range and 
north of 60"* N. Lat., e.g. Acer iatatkum, Tiiia phtypityUas^ AUrevanda 
vesicubnat Salvinia natanSf red beech and w'hite beech. During the great 
interglacial plants extended to the White Sea some 400 miles 

(c. 650 km) north of their present range; deciduous forests formed a broad 
belt across Russia from the north-east to the south-west; and wooded steppe 
spread to the Black Sea. 

Pollen analyses of various European interglacial deposits,'*^ which have 
been increasingly made in recent years, show not only the wider distribution 
of certain trees, e.g. Rhododendron ponticum and Buxus sempertirens in the 



Ft&* 17J. —LdcallEt^ in Europe of in inlci^icialp pos^taladfll nnd rruiit tiim-Jr 

A. L. Fadtnwi, ylcfa Bot. 43, P- 1^- 


^st^/ae/a/ 


Alps, fir as far north as north Germany and central Russia and Ilex aqm^ 
folium in Mark Brandenburg, but a complete floml succession from arede to 
Warm and back again (see below}. The interglacial flora at Phoeben and other 
north German localities implies an oceanic climate \^ith mild winters, 

Certain European colonies of freshwater specieSp e.g. Diap^omIlS ^nc/teri^ 
and Asplanchna syrinx^ have been regarded as relics of an interglacial 
epoch.^**^ Interglacial deposits which were laid down in freshwater lakes. 
e,g, in the Luneburgcr Heido (13 m thick), contain diatoms \vhich embrace 
hundreds of species: important genera are Cymbella^ StauroTieis, Nadcula, 
Gomphomefia, Eumtia, Syntdra, Fragilaria^ SuiireUa^ Nitzsliiii, Melosira and 
St^hoftodiscus.^'^^ 

Tlie existence of a steppe period in interglacial time is uncertain. Such 
a period has been thought to have occurred between two forest phases (see 
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p. 910) or to have either ended or to have initiated and ended an 
interglacial epoch. 

In Xd^ America^ manatee has been found fossil in New Jersey* tapir and 
peccary in Pennsylvania^ panther and ground slcDth in central Alaska, and 
marmot in New Mexicx> at an altitude of 5900 ft (iSoo m) or ^cm^o ft (1220 m) 
above its present Hmit^ Multiglaciation is also hinted at by the present 
ranges and hybridisation of certain species in the eastern United States 
and by certain Alpine relics {see p. 1391). Many present warm species may 
be interglacial they are more difficult to recognise than cold species. 

Miscellaneous methods^ The evidence may be suppieiriented by con¬ 
siderations opneeming palaeolithic cultural stages (see pp. 841 ^ 1028)* by 
eu^atic changes of sea-levcI (see p^ 1261)* by tectonic movements^ as 
elaborated for north Germany (see p. 1265), including the supposed inter- 
glacid faulting in the Baltic region (see p, 364)^ and the interglacial uplift and 
trenching affirmed for the lower Mississippi valley,Corroboration is 
provided by marine faunas of the coast of New England l 5 i„these reflect 
glaciaiuon and a less vigorous Labrador Current — of western North 
AmencaiK and of Old World (see pp. 9+4, 959, 1007); by the inter* 
change betiveen the Pacific and Atlantic deeper living boreal faunaa^*^ (see 
P- 9)1 by corc-s^ples from the ocean floor (see p, 021). It is 
sought tM in the climatic curve resulting from astronomical causes held 
responsible for the glacial succession (see p. 1545). 

arfddistinction between interstadial 
Mcillato Hnd mte^Iactd recessions, though vital, » more or less arbitraty. 
^ R D. S^isburylM pointed out, it depends upon the nature and csrtent of 
the physical changes that inten-ened, and upon the values we assign to the 

SEd WhT® duration of the retreat, and tlie^diatance. 

W^oliam through which the ice retired 

jOO miles (800 km). An interglacial climate may have obtained in south 
Germany at a time when mterstadial conditions peiisted farther norJhJM 
A full interglacial sequence, unlike an mteratadiai one which registers onlv 

k"” boreal, and back again tf sESc 

should have a middle temperate period and give a evde fr^ ♦k k 

boreal to temperate and a return to arctic^s" i Tr-T ^ 

through birch forest and conifer forest m tK« J a a •. 

climatic optimum, and thence back through a codLoi^fo^? '^*^*^* 

ics. .U„d™ The 6p.„ («g. 

VI. Pine, fir, birch 
V. Spruce, fir 
IV. Hornbeam 
III. Mixed oak forest 

bIS p1“:'"™". 

wiih^hK (%.'i”72b?md Th 

Elster-Saalc interglacial (fig, lyac; see p. goo) ^ ^ ^ from the 

tel, recorded,'™ ..g. from St«le (H«,c 4 ), Md“farf."Safed‘ 
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brack (55 m thick), east Mark BrandeBbiirg> Thuringia, south Jutland, 
Poland and Latvia. As generalised for Jutland and north Germany,^it 
shows that the interglacial floras immigrated in the same order as post- 
glacially {see p. 1438)^ viz. (a) Dryas flora of dwarf birch, arctic wUlow, etc., 
with mosses (Hypnum turgs^cms, H. giganteus) and water-plants, e.g. P^ta^Q- 
geton Jiiiformisi (A) Pinus sykestris, Populus tremuh and Betula altm \ (c) Picea 



171*.— Abbr^viared pollen dLAeram of tHc intcr^lilciBl freahw^Eer elajrS Etmian 

at Godcnstcdc near Zeven, nonh-weat Germany. U* Rem, E. &' O. 1.1951,p- So. 

excfisa and Ahift pfctinata; (d) Querats rofmr, Q. petraea {sessHifora)t Tiiia 
plalypftylhs, T. parvifolio, Acer pfatanoiiies, A. pseudoplatatius. A, (ampeilre, 
Fraxinus excelsior, Fagus sylvattca, Betuia pubescens, B. verrucosa, Alma 
glutitiosa and Corylus avellana. These all disappeared and were replaced by 
a return of (r), (ft) and (a) in this order, the succession opening and closing 
with a Diyas flora. Even the climatic periods of Biytt-Semander (see 
p. 1473) and the Danish floral zonal succession (see p. t 445 ) thought to 























9o8 pleistocene stratighafhv 

have been recognbed.^^ ^Thu& those of the Eemian interglacial have been, 
numbered I to X or lettered a to i and nine zone$ (I to IX) have been 
recognbed at Ohe-Munster (BreLie, 1954; Selle, 1954) which b placed in a 
short interglacial — there was no matiiije transgresston between the Saale and 
Waithe (cf. p. 1166)* 



,„cc«,ion, ho«e,cr.';™i «"t >l4™SlliT'?hT^KT-- 
glacial rc-immigration the Corylus maximum <• n * while ui the post- 
Ulmta, Tilia and Querats, the Danish inierglaciaJ ®«cc«sJveiy by 

C<ryl- and nnd tht dominnn, 4n. 
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glacial parallelJ^ The l^t interglacial pollen cunr^e show^ a double-peaked 
hazel and oak maximum. Abies extended 3 00-400 km farther to the north¬ 
east In Poland than —the Saale-Weichsel interglacial in north 

Germany al^vays has Abies in the transition from the Picea to Pmus^ an earlier 
hazel maximum and copper beech in place of the hornbeam —and Carpinm 
also spread farther eastwards. Jlex nquifolium^ found both macroscopically 
and as pollen in Jutland interglacial depcksitSp is quite unrepresented in. the 
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J. IDy^^owaki ID W. Aim- S. C, Pelr z^, 195?. P- %- 


postglacial deposits iti Denmark.^** Iti Jutland Bison was common and the 
Aurochs unknown in the last interglacial period while in postglacial time few 
bison have been found and Aurochs was plcnttfuli*? During this inter¬ 
glacial there was also a wider distribution towards north-west Europe of Picea 
and Abiest a later spreading of Carytus and a substitution of Fi^us of post¬ 
glacial time by interglacial Carphus—Fagus^^ was absent from west centrd 
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Europe. Each interglacial had a slightly different marine or plant com¬ 
position 1 * 5 *: they became successively colder'or shorter.^At BiIshausen, 
north-east of Gottingen, an interglacial belonging to the Cromerian had a 
succession which proceeded from birch and fir through EMW, beech EMW 
to spruce and pine and finally to fir and birch {Rein, 1955). 

The first half of the succession sometimes lacks the later haif.l^^ as at 
Rabutz and Grodno and in the Eastern Alps. 'iTie Heligoland Tock, a 
clayey deposit found at a depth of 5-6 m B.S.L, which contains Picea and 
Carpinm, accumulated during the cooler pine and warmer mixed forest phase 
of an interglacial epochi’^ (cf. p. 136^). probably, since it is compressed like 
the Swiss Schieferkohlen^ the Elster-Saalc interglacial, 

The successions differ regionally and between one another. Thus the 
pollen spectra m Latvia shows differences bettvecn the Mindel-Riss, Riss- 
Wiirm and postglacial epochs .«^5 Beech, Fagut sykafica, is found in the 
Tertiary, m the Cromerian. in the SMeferkohlm of the Eastern Alps, and in 
Poland but not m the Tegclcn, the Mainz basin or Pianico-Sellere, or in the 
ultimate or penultima^tc intcrglacia] of Denmark and north Gem^anv^^^or in 
the whole Pleistocene of Switzerland 177 ; its absence from the Mindcl-Riss and 
Riss-Wurm mterglaci^ deposits, except in the peripheral east and west, sug¬ 
gests that it was banished by the lee to a great distance 
W areas had a continental climate characterised by conifers, others an 
Atl^tic cbmate with deciduous trces,l 75 as during the last interglacial epoch 
m Denmark and north-west Germanyl® (possibly because of the grS^lcr 
marine mundatmn of the Eemian Sea), though Poland and Russia had a 
untinental climate which w'as both drier and warmer^®! and an “eastern 

fir Sd forests with spruce :md 

fir and pine and sometimes larch. Tsuga, a 'I't-rtiain.' relie i-k- 

Mindel-Riss but notin the Ri^s-Wiim infergiacial. The suggestion that the 

W«ni.r travminc .hom tte th, RiB-Wurm int«,gl,did Soch in wmS 

•’J ->' ™ppe »<! I««'“ i. 

In nortbi Gsrmsiny, tlic Elstc-T^Ssale inttrplarial xvao j' 

tinguished by the c^ly distribution of and by a double 
the pine period at the end of the mterglacial.iB* pfrea and 

. .tan in .hn S«.k-VV.fcl;«| ® k „hnn "S d‘»k S 

were distinguishing features. Asolla tegelienth ebaracteri^ ttl n- 
Mindcl intergladal in Holland, the MiSS^riWrh 

forms have been found in one bed in that country' 4 
been found in the Paludina Beds {see d eLio\ in i-k n has also 

of the lower Volga and in southern Hngl^^fHoxne^nd LiSe w"f'^ 
in Suffolk^ and Birmingham)> Eittle Wdnetham 

All archie JiQnJiort-i. if aloii’C-i may -irL. t 

phase of a wyirm interglacial. Individual finds need^o‘'b^^?«tT "Ik 
C^ubon; Setuk ftma may occur in temneratf- treated with 

primigenius may have had more thermophile meinl^«* th 

species IS®: and subarctic and temperate climates as in nrJfi^ 1 

Hcrning type, may alternate within a single intci^lacial ep^S^feV 

Fossil poverty, whether of animal or plant life in tif P* ' )* 

sediments of the Inn and fsar {referred to the int» 

suggest an interstadial age.i» interbedded spruce and 

subarctic forest and are common in both Eumrw .■ characterise 

™pc and Amenca, could have 
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lived cbsf^ to the great icc-sheets and therefore do not prove an extensive 
retreat. 

The difference between inter^tadial and interglacinl may also be reflected 
in the sod profiles, and in coastal regions, t-g- north Germany, by the 
absence or presence respectively of a marine horizon.^®^ 

Moaoglacialisrn. Many European glacialistsj^^ including workers in 
the French Alps^^^"^ and geologisls in North America^^^^ notably those vvhosc 
field lay in the north or east of the continent where later drifts conc<^l earlier 
ones (see p- 976), admit marginal fluctuations but deny interglacial recea- 
siona: the glacial deposits were the product of an undivided Ice Age. The 
sceptics in all countries include those who accept elevation as the cause of 
glaciation (see p. 1536}^ just as believers in astronomical causes favour 
multiple glaciation. 

The reasons urged against pluralitj^ are largely negative. The difference 
between the older and later drifts (see above) is itot one of age but is owing 
to residual soils in the formerly or to the different climates that obtained at 
varying distance® from the ice-centres.Similarly, oxidised layer® between 
drifts do not signify climate but preglacial soils or materials w^eathered while 
undergoing transport on the ice,^^® or postglacial changes Avhich depended 
upon the permeability of the drifts and the underground drainageThe 
different composition of the tills was brought about by solifluxiorip^^ by the 
upturning of marginal layers, as on the modem von Post Glacier,^*^^ Spits¬ 
bergen, or by depositing median and terminal morainKj of different con-^ 
stituents^ as in the NordenskiOld Glacier^^^ The “upper boulder-clay” is 
often interpreted as the residual product of ice whose ground-moraine is the 
lower till 203 (^ p, 383). The undcrmclt theory of R, G, Carmthers 
supports this origin (see p. 3^4); for in his view, for example^ the drifts of 
Holdcmess (see p. 762) were the product of one glaciation, the Hessle Clay 
being merely an englacial horizon let doivti at the melting. Nevertlicless, 
lake-deposits contain inclusions of till, below’ which the bedded deposits ate 
rucked up, probably by icebergs, surface-melting far outweighs basal and 
englacial meltings and frequent oscillations of ice-fronts are normal rather 
than exceptional, so that the subsequent folding of frozen lake-muds may 

occur.2W 

The sandwiching of drifts w ith vegetation layerst the strongest ailment 
for mild interglacial epochs, ia circumvented by referring the fossiliferous 
deposits to a preglacial ora postglacial date^“^ or by postulating interstadial 
oscillationsor successive invasions from different centres .207 Wild- 
kirchli (cf p. 1034) w as pregbcial.^oe Most commonly, appeal is made to 
the old foreats and soils associated with modern gbders^o^ or to the dose 
association of vegetation with present ice-marginS;, of which instances have 
often been noticed since T, de Charpentier^io first observed them in 1819. 
Many Alpine glaciers press down into the forest zone, as the following figures 
show^,2^i the vertic al distance in some cases being c+ tooo m and depending 
upon the re^rvoir^s dimensions and the steepness of the glacier-bed■ 

AUiiiide 0 / Ahiitidf cf 

Gktfier giadfr-^nd neighbo^Ttg tm- 

line 


Bossons . . ™ 

AJetsdi . - m 

Rhone . . (jOoni 

MortemiBch + IQSI m 
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13100 m 
2100 m 
2400 in 
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Thus gliicier snouts are sometimes surrounded by vegetation in the A1 ds -'3 < 

Stfcl™! "" CUoii ■>« Ihe ««.t ifi of 

A Ion to Rosa ; wheat is cuIti>Tjted close to the Aar GbderZl^ k 

of tlic Findelen2^5 and the Bofisons Gkck-r^^fr (this advancedTnto I 
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A. Jlreccia at i/)40 m and here 40 m thicii—to the left, 

nutcfup of 'Iriassic limestone [f[, Paschinger] 



B. Hotting Rruccia at i ,400 m ; lower part unbedded cone 
aceumulation, above finely bedded banks [11. Paschinger] 
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By contmt^ the trtxless ^one which isolated the ice-ahcct from the tem¬ 
perate fauna and flora was xery broad. This accords with general climatic 
principles'^* and is implied by the widely distributed Dry as flora of late- 
glacial time (see p. 1066) and by the arctic plants in intcrstadial depositsp as 
in north Germany (sec p. 1168)^ which show the kind of vegetation we may 
expect outside an ice-sheet. Interglacial floras embrace plants which it is 
hard to imagine living near the ice (see p. 915). Temperate vegetation and 
ice were iidghl>ours only where the conditions of modem Alaska, Patagonia 
or New Zealand were reproduced, i.e* where the vertical interv^al bctw^ccn the 
snowline and trecline was narrowest (see p. 1071) and a glacier could thrust 
its tongue into the losvest xone. Even in modem Greenland, where shrubs 
and trees grow close to the ice» the ice-edge is in the more genial climate near 
the coast. This was probably true of the Sierra Xevadi of California, 2 “*^ 
and the Pacific coast of Oregon and Washington,-'*^ of the Andes of South 
America,^ of parts of Switzerland,^'*^ of the region east and south of the 
AIps-'*^ where the Illyric flora persisted and the Piedmont and Lombardy 
glaciers and the Drau Glacier^ as is proved by woody remains in the moraines 
and varve claya 24 S Paradiso-Noranco, Valtravaglia^ Rt, Varese, Pianico- 
Scllere)^ advanced into an oceanic climate with forests of pine^ birch and oak, 
lacking arctic plants. Vegetation grew on the moraine-covered ice^"*^ as in 
modem Alaska (see above). Coniferous forests clad the slopes of the Pir 
Panjai in Kashmir^^ 

Additional objections of a general kind have been raised against the poly- 
glacial theory. The events of an Ice Age> it is held, would scarcely be 
duplicated with so nearly the same ice-Iimits^^ (cf. p. 924); there was only 
one period of cold mollusca and mammalia, the culmination of one long 
faunal change^i^ (sec p. 1031); and, as in the Mediterranean (sec pp* 1090, 
1^71), only one cold marine horbeon^^ ; no species was evolved during the 
postulated interglacial epochsand only continuous ice in the Alps and 
Pyrenc^-ts could have barred the mammoth from Italy and Spain 
covery of this and other cold mammals in various parts of Italy (see p. 809) 
has deprived this objection of any force it may have had. 

Equally ineffectual arc the follo%ving contentions: glacial pressure and over- 
folding gave the apparent alteration of glacial and interglacial horizons^ 56 * 
the ice receded in the Baltic and about Lake Constance for tectonic reasons 
and the classical fourfold succession of the Swiss schotter was of local sig¬ 
nificance and tectonically controlled ; glacial capture made possible the 
Dumten and other Swiss lignitcs^s^j a lateral glacier ad^^cing across an 
ice-free trunk valley sandviiched the Hotting Breccia bet^tveen boulder- 
clays 2^; and the behaviour of the Rh6nc terraces admits only of the 
monoglacial view.^*^ 

Early monoglacialists evaded the difficulty which the warm trio presented 
by supposing that the characteristic member, the hippopotamus^ lived in 
frozen rivers and had not the habits of the existing species,alternatively 
that it frequented rapids w^hich did not freeze over^^^ or was protected from 
the cold like the mammoth and woolly rhinoceros-*^ by a coat of fur or layer 
of fat as was its warm contemporary Elepkas The Leeds 

(Kirkstall) hippopotan^i (see p. 1009) were postglacial.^** 

Although the cave lion and cave hyaena, which were definitely associated 
with cold animals {reindeer* musk ox, lemmings)^ may have evolved a pro¬ 
tective coat,^*^ this was most unlikely in the case of the members of the faune 
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rkaude which were indispubibly creiiture^ of a warm climate and intolerant 
of cold, 

Corhicula fiumimtk, it is similarly contended, did not necessarily mean cool 
conditionssince tins eurjlhermal mollusc lives today in $now-fed rivers 
in Sicily or in rivers in Turkestan which in \rinter are sheeted with ice for a 
few weeks or even freeze to the bottom. 

Early monogJacioJists also had recourae to seasonal migrations of cold and 
warm faunaslike those which steppe animals make to-day 271 or the rein¬ 
deer made in Magdalenian times—herds of this animsi spent the winter in the 
Pyrenees and the summer in south Germany c, 2000 km away .2^2 Bq^ 
oscillations in geoeraJ must have been secular or interglacial 27 ^; for the species 
embrace warm molluscs like C.finmmahSf Belgrundm (e.g, Weimar, Taubach, 
Phoeben, Klinge) and Fiiludimi diluviam (including all stages from larvae 
to adult 224 j and warm mammalsi e.g. hippopotamus, which do not migrate, 
as well as young individuals and others with milk teeth that were not seasonal 
visitors. The intermijcturc of vvarm and cold species, early stressed by 
W. BuckJand and W. B. Dawkins, may have been owing to r^aniemefit, to 
careless observation that did not discriminate horizons ,273 or to wrong identifi- 
cations .226 It may also have resulted from the mingling of biotopes (sec 
ch. XLVIl), for cold and warm forms doubtless mingled over an intermediate 
2one which moved northwards and southwards w^ith the glacial and interglacial 
changes- 

That the biotopes only became established in the upper Pleistocene and 
that the mammalian fauna show^s the influence of the Glacial period only 
towards its close may be explained by the assumed smaller intensity of the 
earlier glaciations 227 and the greater length of the last glacial epoch (see 
p. lOjij or by the resilience of life and the adaptive powers of plants and 
animals .228 Alternatively, the factors which favoured vast iee-foonations 
were not necessarily those which modified and most strongly displaced life; 
dry ness rather than cold has been Invoked for the btter.22^ Without this 
acute climatic crisis the temperate fauna which had survived the previous 
cold period or periods might have lived to the present. 

Extent of deglaciadon. Evidence for successive glacial advances has 
necessarily been gathered in regions not far removed from the limit achieved 
by the ice- Tills and outwash sheets are here superimposed and have 
decipherable relations to one another and to the interglaci^ deposits. The 
extent of the deglaciation, however, Is given by the distribution of the inter¬ 
glacial beds which ran|^ northwards in Europe into Denmark (Nematurflia 
clay 2 ^ 0 ) and Scandinavia (see p. 965) and in North America into Manitoba26 1 
and about James Bay (see p. 97b). The nature of the interglacial life 282 
whether land mammas, land and freshwater molluscs, or plants^ is a further 
Indication: it implies temperatures even warmer than In the same regions 
to-day. Thus Belgrandh maF^nat^r^ now^ confined in Europe to south-west 
P'rance and Catalonia, in Pleistocene times ranged farther—lo England 
Denmark and Germany (Liincburger Heidet 'rhuringia, Saxony, Swabia)! 
The extent of the interglacial submeigence is confirmative if it was owing to 
the return of waters previously locked up In the ice (see p. 1359): Ramsay 2^3 
estimated the area of the world’s ice during Tyrrhenian time at less than 
one-half of what it is to-day. 

WTiile many plants %vere subject mainly to edaphic factors (moor plants, for 
example, arc little suited as climatic indiciitors since with them edaphic in- 
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fluences play a greater role) some of their distributbns seem to imply a slightly 
warmer interglacial dimate not only in oceanic but in continental regions 
like central Russia.^*^ Alnes pectimta, the European silver fi r, I i m itcd to-day 
by the northern margin of the German Minelgebirge, lived during the first 
interglacial as far as the lowlands of north Germany, e.g. at Winterbude near 
IIamburg. 2*5 Of similar significance are, for example, the plants in the 
interglacial peat of Saxony, denoting a dimate equivalent to that of present-day 
Croatia and Transylvaniathe fossil remains of Fagus sylvatke^ Taxus 
baccata and Euryale Jerox (an aquatic herb very closely related to Victoria 



Fig. 173.—Distribution in ilic Biiltic region of 7>^ rtotoitr^luring interisliicin], po^tgiqcial 
and historic times. K. Jes$cii snd V. Millhers, 8^.^, p. 349, 33. 

A intjcruk<ual IcKzalLtktf O pc^tglackJ loc-dliciM 

—--- nottht^m limit etuxine pmtplackl dimatic aptimiioi 

^ ^ ‘ ..- ■ northern limit in ht4t]oric tntm 


regia of India and eastern Asia) found in central Russia near the Oka River^*^; 
the presence of Ttttga cf, dkcrsifolia, of Japan, in the Polish interglacial n^r 
Cracow the lihododendron ponticum and B«.yiu sevipcmirem in Swiss 
interglacial beds (see p, 93S)» Ficm carka which grew in northern 
France (Garda, 1950). 

A more extensive range is shown by Trrsrpa naloas., the tvater nut (fig. ryj), 
whose northern limit in Germany now coincides with the J^y isotherm of 
by Atdrwanda vesiatloia^ Acer romper Ire and T’lfiia plaiyphylka 
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which today extend to south Denmark and during the first interglacial epoch 
were dispersed over Jutland and north-west Germany. Ilex aquifolium^ a 
decidedly x\tlantic species in its present distrihutiorij^®^ was common in Europe 
during the last intergbeial epoch when the climate was appreciably warmer 
and resembled that of Littorina time^^- (see p. 1303)^ 

Mammalian distributions bear out these conclusions, the /flwiie 

ehaiide is missing from Scandinavia, Eltphas antiquus has been found in 
moraines in north-Avest Russia and north-west Germany (Ncumark and 
Stettin). A molar also occurred in Fyn,^^ Mammoth has been dis¬ 
covered in at least ten localities in Fennoscandia (see p. 963), occasionally in 
Estonia and f^-atvia, more frequently in Lithuaniaand East Prussia^^^ 
and in about 50 places^ mainly within the area of the last glaciation, in Den- 
markp 297 musk ox as in Sjaelland and north-west Jutland.Although 
their provenance is insufRcjently known and most Aserc secondar^^ they do 
undoubtedly give a minimum extent of the deglaciation in north-Avest 
Europe. 'Fhe absence of palaeolithic implements from the central regions^ 
somctinies interpreted, e.g* in Britain,as evidence of persistent ice^ may 
only be because they are difficult to discover.^ 

Additional signs of a w armcr climate are the interglacial plants in Russia 
—some members of the broad leaf forest extended as far north as the White 
Sea during the long interglacial epoch—the higher treeline in Germany and 
the Alpst^^ the probably smaller extent of the tundra, 3^3 the AvestAvard extent 
of the tschernosem in Europe during the last interglacial epoch,and in 
North America the animals and plants (see p. 973):^ including tho^e of north 
Califomia^^ where the isotherms Avere displaced 1500 miles (c. 2400 km) 
during the San Pedro stage. Molluscs, both fluvbtile and marine» are cor¬ 
roborative. Corbicuh jluminalis in Germany means a higher temperature, 
especially m AA^nter,^ while the marine molluscs in Spjtsbergen,^^^ in the 
Ecmian Sea (see p. 946) and Boreal Sea {see p. 959), in California^ and 
eastern North America,^ and m the southeni hemisphere, e.g. Patagonia.^io 
are only consistent Avifh warmer Abaters, The interglacial $ea of Cape Nome^ 
Alaska, for example, A^-as 4^4"C warmer than the present Bering SeaA^^ 

Europe ch&ude is incompatible Avith a climate less aa arm th^ to-day. 

Cennis damn, a Mediterranean deer, in Danish interglacial deposits has the 
same significance. 

From the palaEontolqgi<^l evidence just outlined* Ave deduce that the 
climate Avas warmer and roughly that of the postglacial Climatic Optimum 
(sec p. i493>—the air in Jutland and north-AAcst Germany during the last 
interglacial epoch was 2®C warmer than noAV during the hottest month^l^ 
and in central Europe was at least i -5^1-o^C lAarmer during January In¬ 
sects from the intetghcial beds of SAVeden bear the same testimony, 314 
Along the seaboard, as in Jutlandp^is the humidity was unmistakably higher. 
This agrees Avith such physical evidence as the nature and depth of the 
interglacial weathered 2onc.^i^ 

While all glacialisis concede important and repeated oscillations and inter¬ 
mittent glaciation in loAver latitudes, they disagree widely concerning the 
importance, magnitude and duration of the intermittence and about the 
continuity of the ice. The nearer we approach the ice-centres, the less 
satisfactory^ the ciridenoe of the interbedded fauna and flora becomes. This 
perhaps explains why H'orkers near the glacial peripheries believed in re¬ 
curring glaciations and intert ening warm episodes Avhile their contemporaries 
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investigating the mpre central pacts which tnay have never been deglaeiated 
and in any event had fewer advances and recessions, generally accepted the 
unity of the Glacial period. 

Complete doglacialion* Although the times of retreat^ like the genial 
present, do not need to have been aglacial to be truly interglacial 
cornplete deglacbtion has been frequently postulated,^It is not merely on 
the broad principle that mild epochs and extensive loe-shects in middle 
latitudes arc mutually contradJCtorj\ but for one interglacial at any rate on 
very good physical and palaeontological grounds. The d!eep and intense 
weathering of the drifts and older loess— this rot^e on Uie older loess 
of west Germany and north France indicates dry summers with temperatures 
slightly higher than the present; the nature of the plants in the Scandinavian 
interglacial deposits (see p. 9^4); the occurrence of the mammoth in Scot¬ 
land and Ireland (see p. 809) and in Scandinavia (sec p. 963) ^ the wider 
distribution in Europe of Itex aqaifatium, Tjiia T. platyphylios^ 

syivaiicUt Acer tat&ncum and Taxus the assemblage of 

plants at Gort> Co. Galway, vi^. Rli^tdodendroH ponticum, Ptnus syh^stris^ 
Pice^ aiftes^ Abies £iiha and Erka maekamna; and the warmth and extent of the 
interglacial seas including the Eemian Sea (see p, 946) and the Boreal Sea 
(sec p. 959) (on the assumption that waters had previously been locked up 
in the ice), together with some of the data set out above—all these seemingly 
admit of no other conclusion than that Scandinavia was completely ice-frec 
during one interglacial epoch 321 and Europe had less ice than now. 

This held for the whole of the continent ,322 including the Alps (occasionally 
dcnied 323 j_ Heret the Pontic plants, limited as now during the Riss-Wurm 
interglacial by the Eastern Alps and the boundary of the Alps and the Karst, 
crossed the North ^lyrol Limestone AIps.^^"^ Pleistocene mammab like cave 
hyaena, cave bear and cave lion lived in high-level caves, e.g* Wildkirchli and 
DrachenJoch^ the highest prehistoric station in Europe (see p, 800), and 
mammoths wandered deep into the Alpine v^leys, as near Kufstcin and Inns¬ 
bruck in the Inn (see p. 809), The air was warmer by and the 

snowline was consequently higher 32 ^*—the occurrence of Pinas nigra (found 
to-day in the Balkans and Pannonic basin) tn Drachenhuhle signifies 400- 
600 m higher.^^^ Tho humus in this and other high Swiss “alpine palaeo¬ 
lithic” caves (see pp. 800, 1035)^ and the mammalian fauna which suggests 
forests are confirmatton^^S (cf, p. 1034). Conditions were favourable to life, 
since, for example, the cave bear rarely had deformed bonesA^? 

The interglacial beds, particularly those of Toronto and the lignites of 
Moose Creek (see p. 976), situated less than 3cx> miles (4SC krn) from the 
Labrador ice-centre, as well a$ evidence of a marine submergence in the James 
Bay region, 33 fl seem to imply a complete deglaciatiori of North America^ 31 — 
glaciers may have persisted on the higher parts of Alaska and the beds them¬ 
selves may be bteglaci 31^332 while the two North Pacific species^ Seiripes 
iaper&i^sssi and Alamna w€ongraiit, found in an interglacial bed at Sankaty 
Head in New England, suggest that the North-West Passage was more 
open than now\ 33 ^ The Caucasus and Kashmir-Himalayas also had a long 
second intcrglaciaL33^ 

Polar evidence is singularly scanty* Iceland 333 may then have had little 
or no ice to judge from the composition of the fauna in the interglacial maririe 
deposits of Fossvogur and Snaefcllne^, from the extent of the igneous in¬ 
trusions, and from the woods of alder, birch and willow far iniand—alder 
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has not lived in postglacial Iceland. That Grisenland and Antarctica lost 
their icc-shccts^^ (see pp. 679,902) is unlikely and incapable of direct proof, 
though ph^'siographic evidence^ including valley profiles and peculiar plant 
distributions^ point, it is suggested^ to a bipartition in Greenland(see 
pp. 900p 923)—ancient moraines contain calcareous concretions with 
marine animals and pollen of numerous plants including Ainus which makes 
up about 30-35% of the total pollen and indicates a climate considerably 
warmer than that of to-day (Biyan, 1954)—and a full succession of four glaci^ 
epochs has been registered in sediments flooring the Boss Sea,^^® In both 
regionSp where the lowering of the ice-surface may have been 60-120 
determinations of multiple glaciation arc made virtually impossible by the 
almost total lack of moraines. According to Milankovitch*s calculationSp^ 
the Antarctic ice at no time melted away completely during the Quaternary: 
in 75"" S. Lat. seventeen long periods of intense minima of summer radiatJon 
alternated ^rith as many short periods of weak maxima. The oscillations on 
such a high polar continent were probably smaller; greater warmth increased 
the precipitation (see p+ 641)* and the long travel of the lee (see p. 104) 
prolonged the glaciation. 

Climatic curves. The Interglacial epochs had different degrees of 
warmth and duration. Yet in all cases, as in the Toronto interglacial,^! they 
were many times longer than the postglacial period (sec ch* L), This is 
proved by the amount of denudation, as in the Baltic region- \^y magni^ 
tude of river-action in Kashmirand in Tasmania where rock gorges, 
300-600 m deep, were cut during the Malanna-Yolande interglacial^; by 
the great siice of the hlindel-Riss mterglaciaJ series in various parts of the Alps, 
especially in limestone areas ^ 5 - or by the degree of weathering of the drifts, 
a method used for instance for the Alpine glaciation. 346 Gicsenhagen's 
application to the north German interglacial (Saale-Weichsel) Kicselgur 
of F, Nipkow’s discovery' 34 ® that the darker and denser layers of Zurich Sec 
sediments were deposited in winter and the lighter ones in summer, and his 
calculations of 1 i,ooo-i2,ooo years for this interglacial fraction, point in the 
same direction. 

Notwithstanding the great or even insuperable difficulty of ascertaining the 
relative and absolute lengths of the glacial epochs, tliosc who accept multi¬ 
plicity or favour astronomical causes of the Glacial period (sec ch. LI) 
generally (though not unanimously 349 ) believe that the interglacial epochs 
exceeded glaciations in duration. This is suggested by the great depth 
of weathering of the older loess, the nature and abundance of the interglacial 
life, the wide interglacial platforms of marine erosion, and the general 
absence of terminal moraines about the older drifts,350 American glacialists 351 
make the interglacial epochs roughly four times the 80,000-100,000 years 
assigned to each glaciatiDn, or 25 times the glacial culminations* This 
relationship, together with the w^armth of at least one interglacial epoch, has 
prompted the paradox that the glaciations Avere merely abnormal episodes 352 
in a " Genial*' or ''Miothermic"' period.353 

The temperature curve, smootlied of the oscillations w hich on the analogy 
of the postglacial oscillations (sec ch. XL II) doubtless crinkled them, has been 
drawn for the Alps by Penck 354 by Heim 355 (fig, i 75 )^this 

w'as based on the state of erosion and weathering of the various drifts and 
agrees apparently with the amount of lowering of the Alpine valleys during 
the several glacial epochs. 356 While f*enck's curve gives the relative lengths 
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of the interglacial curves as 3 to ia to i, a curve for the Himalayas^^^ shows 
4 to 5 to 4, and for East Anglia^5« (Cambridge), 128, 103 and 65. The 
relation of the great interglacial to the last interglacial was estimated at 2: i 
by Eberl, 1-5:1 by W* Soergel, and 3: i by Milankovltch. Geological con¬ 
firmation of the latter's astronomical sequence of minima of summer radiation 
{see p. 1544), which it is cbimed gives the relative and absolute lengths of each 
of the glacial and interglacial oscillations, has been sought in the Voligttederui^ 
of the Quaternary—^the warm phases between the double or treble phas^ {of 
which the second in each "group” is usually the greater) are termed inter- 
stadial, those between the glaciations being called interglacial. The 
VoUgiiederung, which is really a refinement of Penck and Bruckner’s scheme 
{see p. 933)1 is seen in the glacial succession of east England,^^® HoIIand^^ 
and Italy3*f; in the drifts of Germany(Thuringia, Rhine. Silesia), 
Polaiid,363 Russiaand the Alpine gkeiation,^*'^ including the classpt area 
of Penck's investigations in the liter and Lech where, palaeontological and 
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petrological means failings the subdivisions are based upon the number and 
height of the schotters and upon their loess and loess loams ; in Ac terraces of 
Ae Thamesand Ae Sommein the terraces and tectonic movements 
of Ae Ilm, Werm, Weser, Saale and oAer rivers of central Germanyfrom 
the Rhine (including Its tributary the Neckar) to Ae Oder, where, following 
Soergel p three terraces of Wiirm age and two terraces belonging to each of the 
Giinsc, Mindel and Riss glaciations are recognised—some of Ae six ""pre¬ 
glacial terraces may represent Ae Danube or earlier glaciations^^; in the 
periglacial terraces of Czechoslovakia^^; in Ae Verkfifnungszonm of the 
German, Austrianp Czechoslovak!an^ Hungarian, Russian, Rumanian and 
Bessarabian loess in Ac interglacial profiles of Ebringsdorf^"^^ and the 
double character of both the Swiss Decfeenschotter^^^ and the oAer Alpine 
glaciations — ^the Riss is said to be doubleor triplicated^® in south-west 
Germany and Ae Wurm double in Ae Balkansand Thuringia^^; m Ac 
Pleistocene deposits of Alsace in the four summer minima of decreasing 
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intensity suggested by the erosive features and humid cotsditions associated 
with the Kharga Oasis^®^; in the terraces of the Ebro ^^; and in the fluctua¬ 
tions of sea-!cvelp^®^ including those of Morocco and the Pleistocene raised 
beaches, seventeen in number, of South Australia, R, Spitaler's astronomical 
calculaiions 3 ®^ also gave two peaks to each of the older gbcjattons and three 
peaks to the last glaciation, 

SoergeP®^* has essayed the construction of a based upon 

the effects of solar radiationp caloric properties of the ice, retardation and other 
relative factors, and in 1939 postulated Donau (Danube) ip 2, 3^ Gunx r and 
^lindel i, 2, 3, Riss, z, 3 and Wurm 1,1 2 and 3 stages. It is doubtful, 
however, whether purely thermal curves can be expressed in glacial 
phenomena in this way since the temperatures along the ice-edge are much 
modified by the lee itself (sec p, 676), and glaciations and recessions lagged 
behind the temperature changcs.^^e 

I’hc shape of the curve about a glaciation is unknown. It may have been 
$\Tnmctric^^®^ or asymmetrical with a steep fall before glaciation. W Much 
more probably, as is suggested^ for example, by die stratigraphical relations 
of the loess and by the w idespread decay of the ice during the final stage*^^ it 
portrays a stow advance of glacial conditions and their rapid disappearance,^^ 
though the tendency to self-perpetuation of the ice (sec p. 67S) has led to the 
suggestion that the period of melting was several times that of the 
ice-formation, 

We are still some distance from the time when the number of glaciations 
can be stated WTth certainty. The two^ three or four glaciations suggested 
for most parts of the world have been affirmed by explorers who are not 
glaeial specialists and whose investigations were of the nature of recon¬ 
naissances. linanimity has not nearly been reached (see below) ev^en in 
regions like Sw^itzerland and north-west Europe where hundreds of re¬ 
searchers have been examining countless sections during more than a century^ 
Nor is it by any means improbable that the general retrogressive series of 
glaciations one within the oAer was preceded by a similar prugressive series^ 
either no longer visible or subsequently destroyed : the Gunz^ Donau and 
Elbe glaciations may be the last of such a series. Tentative supporting 
evidence^^^ has been cited from the loess of Hungary and from the peri- 
glacial terraces of Germany. Climatic oscillations in the upper Pliocene^^ 
seem to surest that these pulsations began even earlier. At least five pre- 
Nebraskan ice-epochs are thought to be represented in the oceanic deposits 
of the east Pacific Ck'can (Airhenius, 1952). 

Number of glnciatiofis. Critical opinion is at present overwhelmingly 
in favour of oscillations of interglacial magnitude. Upholders of mono- 
glacial ism are becoming fewer, and discussion is taming more and more upon 
the number of the ep^hs rather than upon the question of their existence. 
Nevertheless, one glacial epoch only, w itb retreat phases, has been demanded 
on field-evidence for the Hiesengebirge, Portugal, Apennines and Balkans in 
Europe,^^5 for Asian regions,^^ e.g. Caucasus, I'ien-shan, .^Vlai and 

Altaic west Turkestan and north Siberia, for Kilimanjaro, Ruwen^ori and 
the Andes in the tfupics,^^ for north-east Nevada in North America for 
Hawaii,for Spitsbergen,*^ and for the present heavily glaciated Antarctica 
and Greeiiland^^ {see below)* 

Three glacial epochs, one often less definite than the other two, have been 
described for Dombes,^®^ L^Aubrac,^^ Auvergne and Cantal*"Wu 405 
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'Fatra,^ IIungarj\‘*^^ north Albanian*^ Russiaand Iceland’***^ in. Europe J 
for the KueH'lun,^*^ Himabyas^"^*^ I^na-AIdari plateau north 

Chinanorth Siberian coasl’*^^ and New Siberian Islands in Aaiaj for 
Arizona^-*^^ Colorado*^^® CalifomiaAl^ Utah.-^^ Wyoming'*-^ and Monlana"^^^ 
in North America ; and for Patagoniap^^^ Cordillera Real ■^24 and 'Fasniania^^S 
(= Malanna (ice-sheet), Tolande (cirque-glaciers) and Margaret (mountain- 
tam phase) glaciations) in the southern hemisphere, 

Quadriglaciation, the result partly of a too rigid alpino-centric standpoint, 
has been claimed for the Balkans/^S Vosges,-^-"^ Black Forcst,^^ Pyrenees 
(see p. 938)^ Apennines,Liptaii AIps,'*^ Tatra 43 1 and Corsica 432 . for 
China,433 rbe Caucasus +434 Pamirs, 43 S KashmirA^ Karakorarn and Hima¬ 
layas 437 - for I lawaii, 43 a Alaska^^^^ Sierra Nevadas and Basin Ranges of North 
America 4 ^'^—these have been termed in the order of decreasing age the 
McGee, Sher^vin, Tahoe and Tioga stages *41 (the last two may belong to one 
epoch); for South Amcricap 442 Bermuda ,443 Australia and Tasmania^^J; and 
are implied in the interglacial origin and triple nature of the Norwegian 
strandflat (see p. 1250) and in the four physiographical cycles of China ,+45 
Astronomical cur>^es 44 ^ (sec p. 15.^) suggest, as did Ebcrl^s glacial re- 
searchesp 447 that each glaciation was double except the last which was triple. 

Four glacial layers^ identifiable chemically and mineralogicaliy and by their 
pelagic foraminifera and ostracods in cores up to 19 m in length, have been 
found in the Atlantic Ocean west of the Dolphin Rise 443 by an explosive type 
of sounding apparatus which fires a tube into the bottom deposits and drawls 
a core 449 (fig, lyfi). The coring done to date is largely in the nature of a 
reconnaissance^ During the cold periods, colder forma, e.g. Ghtigerina 
bulloitl^s and G. replaced Giobor<^iatia men^rdu\ red clay replaced 

globigerina mud (especially east of South America), and the distribution of 
TiOj, MnO, FeiO^ and P2O3 w^as altered. The cold layers may correspond 
to four glaciations or they may be the equivalent of four substages of the last 
glaciation or of maximum glaciation .450 ‘Phe cold horizons in equatorial 
regions of the Atlantic have been assigned to Wurm z and 3 and the Riss. 43 l 
Cores in the floor of the Arabian Sea also give four cooler hori^ns 
characterised by Gtobigerina buIIoiJes^ the intervening warm layers having 
Glohoratalia nie?iardn.'^^^ The subarctic foraminifera in cores in the Carib¬ 
bean Sea reveal four cold horizons (with substages) and one long (MindeJ- 
Riss?) warm or interglacial epoch 453 Cold layers, with an interglacial 
horizon, have been found in cores in the Mediterranean (see p* 10:25) and 
cold layers, indicated by red clay, low in carbonate, in the south-east Pacific 
(see p, 1094), The full sequence of glacial epochs is thought to be recognised 
in the bottom deposits of the eastern Pacific Ocean (Arrhenius, 1952). 

Five alternations of emergence and submergence during tlie Glacial period 
are suggested by tilted surface-terraces and by the evidence of wells in the 
Mi^issippi delta.454 

J* Geikie| 45 S ^ constant advocate of multiplicity, postulated six glaciations^ 
named Scan! an, Saxon ian, Polandfan (amended m 1914 to the more 
euphonious Polonian), Mecklenburgian, Lower Turbarian and Upper Tur- 
barian, separated by interglacial epochs styled Norfolkian, Helvetian 
(= Tyrolean, i9t4)t Neudeckian (= Dumtcii+ 19^4), I-ower Forestian and 
Upper Forestian. This classification, though seemingly representing the 
polygJacial hypothesis in its extreme form, is really only fourfold: the Lower 
and Upper Turbariaii glaciations, if they existed at alh were stadial only ^456 
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equivalents possibly of the Gschnitz and Daun stadia of the Alps ^57 but are 
in ail probability to be equated with the Atlantic and Sub-atlantie periods iust 
^ the intei^enin|r Lower and Upper Forestian belong to the Boreal and Sub- 
boreal penods.^ 5 » Six glaciations have, however, been postulated more 
recently for Germany (see 1^941), for the Nicmen basin and Poland^ss fthc 
glaciations are denoted Old Glacial, Carpathian, South Polish Central P^iLk 
North Polish and Baltic) and for both east and west Euroiw,^ An even 
greater number is required by Milankovitch and his supporters (see p 1544) 
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Evidence of biglaci^istn Ls widespread. It has been ctaJmed from field- 
evidence in all parts of the woridp as for polar regionsp e.g. Faeroes^l (p<iat3, 
molluscs and consolidated moraines)^ Iceland Spitsbergen*^*^ Fran:^ 
Josef Land*'+*^ Novaya Zemlya*^^ and Greenland^—because of its twice-^ 
eroded cirques near the Arctic Circle and their relative altitudes* its so-called 
interglacial peat (see above)p its stream-erosion between two glaciations in the 
east and different states of w-eathering (see p* 91S)—for middle latitudeSp 
e.g. in Europe* Carpathians^^ (interglacial deposits as yet unknown)* Hohe 
Tatrap^ Apennines*^^ PyreneeSp'*^*^ VosgeSj^^i Black Forestp"*^^ Bavarian 
Forest*"^^^ Bohemian Forest/^'* Riesengebirge*^^^ Spainp^^^ BaHtans*"*^ 
Britainand Scandinavia^^; in Asiap eg. CaucasuSp^®^ west PamirSp^^^ 
Tien-shan*^^ Alat**^^ Altaip'*^ Chinap'^^^ north of the Gobi desert*'^* and 
centra] Asia generally^^ and Siberia^®® (on the evidence of the tw^o layers of 
ground-ice (see p. 565)1 parted by a vegetation layer with shrubs and elder* 
white birch, and bones of mamimoth and woolly rhinoceros equated with the 
Alpine Riss and Wiinn^^). Duality has also been averred for North 
Americap eg. Alaska*^ British Columbia and northern Rocky Alountains*"^^^ 
Cascade Range of Oregon*^"^- Colorado(including San Juan Mountains), 
Big Horn MountainSp Wyorrungp^^"^ and the mountains of Montana* 
Idaho"*^* and California.^^"^ A double glaciation was apparently general in 
the j\ndes*^^® as is demonstrated by outwi^h* moraines* loess and the double 
Ic^^cl of the takes on the plateaunj**^ and established for Ecuadorp Bolivia* 
Peru, Chilcp Argentina, Patagonia and Tierra del Fuego. It also characterised 
South Georgiap^*® New^ South Wales (Riss and Wurm)p^®^ TasmaniaNew 

Zealand and Africa,^ 

Although there may have been a fourfold glaciation in both Europe (see 
p. 933) and North America (see p. 968), there may have been only one 
complete deglaciation, the other two interglacials being rather of the nature 
of large oscillations. Baycr*S 05 championing this view and reverting in some 
respects to the opinion of A. Escher v* d* Lintli and O. Heer, linked the GOrtz 
and Mindel and the Riss and Wurm into two glacistionsj more or less sym¬ 
metrically disposed ab^mt the great Mindel-Riss interglacial p and reduced the 
Riss-WQrm integlacial to lOpOOO years only^ Others have supported him, 

In favour of bipartltion have been cited the occurrence of only one period 
w'hen the ice melted completely from Europe (see above)* including the ice- 
centres of Scandinavia* the Alps and the British Isles, and from North 
America (see above)+ and the single warm marine transgression^ the Eemian 
of Europe (see p. 9+4), the Boreal Sea of northern Eurasia (see p. 959) and 
that of North America (see p+ 977}. There existed only* as in coastal 
Califomiap two cold horizons in the marine deposits^^^; two withdraivaJs of 
the sea corresponding to the oncoming of two glacial epochs^; and (accord¬ 
ing to $ome)t two pluvials* each the equivalent of a glaciation or twin glacia¬ 
tion (see ch. XLI)^ There was no marked faunal reaction w^hich \vould 
correspond to a third (Riss-Wurm) full, warm interglacial. Where four 
glaciations are postulated, it is generally the second or middle glaciations* as 
in the Himalayas,^ which are the longest. WTiile in Gcnnany, the “ great 
interglacial may be represented by sediments 40-50 m thick, as at Quaken- 
bruck and in the lower Elbe, those of the last interglacial, as in Denmark* 
Avere only 4 m thickA^^ 

Bearing in mind the conscious or unconscious influence of the Alpine 
classification and tlie tendency to confuse minor variations or retreat phases 
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with oscillations of interglacial magnitude, definite evidence cannot at present 
be said to exist for more than one long interglacial epoch. The Alps them¬ 
selves are perhaps unsuited to give the scale of Pleistocene climatic changes 
and are an insecure foundation for a fourfold glaciation, not only because of 
the doubts that have been cast upon this in the Alps themselves (see p. 937) 
but because they are peripheral and mountainous. Even m tlic Alps, the 
classical region of four glaciations, there is only one outstanding interglacial 
epoch, though the last interglacial epoch may have been warmer than now.SH 

Work on radiocarbon, on the distribution of isotopes and on ionium in 
ocean cores will in the future give a knowledge of the changes of temperature 
in the Quaternary and of their dates. 

Similar glacial distributions. A remarkable fact which a careful 
c^mination of the extents of the various glaciations In Europe (fig. 1S8) and 
North America (fig. ig6) brings out is the dose similarity in the extent of the 
ice-sheets at the different glaciations (see p. 1541}—this is well seen in the 
known and inferred southern limits of the Kansan. Illinoian and VVisconsin 
ice-sheets respectively ; the borders are broadly parallel, though the Kansan 
drift e^nds notably beyiond the others in Nebraska, Iowa and Missouri 
the Illinoian drift in Illinois and Indiana and the Wisconsin drift in the 
Dakotas. The near congruence of these several drifts resulted in part from 
the topographical barncia of the Driftless ,\rea of Wisconsin and of western 
PennsybTuua (.^Icghany Plateau), both of which opposed the glacial advance. 

It seems probable, however, that the nourishment, W'astagc and discharge 
and the physical conditions for the origin of the ice-sheets were repeated 
with each glaciation .512 and that the ice-sheets originated in the same districts 
developed in the same way and were governed at the maximum by the same 
physical and climatic controls. Thus the shift of the area of radial outflow 
recorded m the drifts of the last glaciation in Denmark (see p. is6S) is 
similarly recorded by the erratics of the earlier glaciattons .51 J The ice-shcets 
were hovering near equilibrium in each case when the climatic conditions 
were reversed. 
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Chapter XXXVIl 


PLEISTOCENE STRATIGRAPHY: REGIONAL 
SUCCESSIONS 

i:. Alpine Glaciation 

Earlier work. Morlot’s suggestion of a double glaciation for Switaerland 
(see p. S98) was adopted by C. Delete, O. Heer, A, Baltzer and A. v. Wett- 
stein on palaeontological grounds (see p. 935) and by A. Favrel and F, Miihl- 
bcfg,^ tbe latter confirming his observation Uiat a schotter horizon separates 
the moraines. Penck ^ found three glaciations in Bavaria and around Lake 
Constance corresponding to three schotters which he named Deckensdiotter, 
Hoeft- and Niederlerraisea, They were later recognised in the Salzach by 
Bruckner^ and in Switzerland, c.g. about Basle, by du Pasquicr ^ who styled 
the three glaciations pal^o^ladaire, in^iogladaire and neogladaire. A. Gutz- 
willer® discovered that the Deckenschottcr near Basle was double, thus 
raising the number to four. Penck's attempt? to explain Gutxwiller’s ttvo 
levels by dislocations was short-lived; for two years later in his classic work 
he himself adopted and developed the fourfold classification,’ subdividing his 
original Deckenschotter into an older and a younger Deckenschottcr. 

The Deckcnschottcis are consolidated and deeply weathered and are cal- 
creted, as in the north Italian ferrelo^ and in localities where they provide 
building ^ones. Yet the degree of rotting of the boulders depends"upon the 
composition, surface configuration and drainage. The Terrassenschotters 
are generally unconsolidated, little weathered and only calcreted if limestone 
constituents arc abundant. They enclose boulders of the DcckenBchotlerlO 
and are more gently inclined than thLs,ll the difference in gradient among the 
Terrassenschotters themselves being much less than that between the Deciten- 
schotter and Hochterrassenschotter. 

The Older Deckenschottcr forms sheets or Decken or isolated plateaux or 
hills, and into them the Newer Deckenschottcr has been sunk. The Ter¬ 
rassenschotters, as their names imply, build terraces along the principal 
valleys. Yet they are seldom symmetrical, Hochtcrrassenschotter usually 
fringing one side of the valley and Niederterrassenschotter the other, so that 
four steps on one side arc rarely seen. Sometimes the schotters arc super¬ 
imposed,as near Manchen and in the Po Plain, but generally, as in Swabia 
and Upper Austria, have cut through the older formations (fig. 177). This 
emboStement occurs where intcrachotter erosion was great, superposition 
characterising valleys in which accumulation equalled erosion'^ or ridges 
exerted a atau-cffeetl-^; the lowering of the floor in the Rhine rift valley 
facilitated the embottement in the north while stability of the erosion basis 
favoured the piling up of the schotter in north Italv.^^ 

The schottera often lie in detached fragments," crowned by hamlets or 
villages. Their reconstruction i$ only possible by follaw'ing their gradients 
and uniting the fragments into continuous profiles. To be conclusive these 
must be checked by the composition and the state of weathering by the con 
tained fauna, by the relationship to the loess, and by allowing for subsequent 
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tectonic movements. The succession is occasionally supported by the tills^ 
as in Tyrol, where three tills with interbedded fossil-baring intcrgkcial 
deposits occur. 

Penckscheme^ The scheme of Penck and Bruckner*® was baaed upon 
the schottera and the reJation of these and of the associated moraines to the loess 
and fossiljferous deposits. It established four glaciations for the Alps. 
These were tctmed Gunz (= Older Deckcnschottcr)^ .Mindel (= Younger 
Dcckenschotter), Ris$ (— High Terrace) and Wiirm (= Lower Terrace), the 
names, bearing initials alphabetically arranged^ being those of four tributaries 
of the Danube near Ulm on the Iller-Lech plateau of Bavaria. This dassih- 
cadon, in which the interglacial epochs are designated by hyphenating their 



Fig. 177.—IjonRitudiiuJ scctioii ikmu^ [he Save Vallcjf showini; four achaltcr tenmces 
(Gima^ MitideJ, WUim)* Zlciislit Srtcefi timea horwontil icflJe. T " bcd™i. 

A, Penck, P- 1353^ fiff’ 127^ 


adjoining glacial epochs^ namely, GunsE-Mindcl, Mindcl-Risa^ Riss-Wiirm, 
IS the ruling one in Europe, having superseded the prior nomenclature of 
J, Geikic (see p. 921), probably because its nomenclature ts simpler and 
shorter. ^^Cromcrian^' (C)p “Dumlen*^ (D) and “Eendan” (E) have^ 
however, been suggested for the three interglacial epochs (see p. 953). 

The C3rtent of the various Alpine glaciations Is given In figp 130, p. 716. 
ITic Giinz glaciation is mainly recognised by its schotter since^ as a rule, it 
kept within the Wurm limits. Gunz morames have, however, been definitely 
noted in the terrain of the lUer, Rhine and other glaciers*®* and in the lee of 
projecdons^ in the Isonw and in several other places.^* 

The MLndel was the maximum in the east, the liiss in the west (see p. 1041)- 
The Worm was much smaller; on the north, the difference in area between 
the Riss and Wiirm glaciations decreased from t'5:1-0 in the Rhone to 
1 *4:1 in the Linth and 1-3:1 -0 in the Rhine ^; on the south of the Alps it 
was r. 15-4:1-0,^ as about Lago di Garda and Lago Maggiore. The huge 
morainic amphitheatres about the mouths of these valleys(fig. tjS}^ owing 
to the southern aspect and Mediterranean influences,^ were the combined 
product of two or even three glaciadon$»^*^ though these have been assigned 
to the three stages of the Wiirm. 27 B. Castiglioni^^ has recently pubibhed 
a map of the last glaciation in the Italian and adjacent .Alps. 

The Swiss fossil Lferous interglacial bedSp^^ e.g. between the Rhine and 
Sdzaehp are much smaller and rarer than in the region of the Scandinavian 
ice-sheet (see below). The interglacial localities are mainly in the Sw^iss 
Plain and in terraces above the valley floor within the Riss boundaries — few 
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are found VAithin the Alpine valleys. The beds consist of peats, gyttjas and 
occasionally of tufas, u€. they Avere formed in general in peat moorSp swamps 
and baekAvaters of streams. The Schkferkohie (so-callcd because the hard 
peats split when dry), Avhieh was exploited during both the world Avars, con¬ 
sists of 120 phanerogams and pteridophytesj with 6o species of moss and other 
species of algae* fungi and diatoms. The plants have been frequently listed 
and monographed,^® The flora resembles the present flora of Switzerland 
w ith the addition of a few plants, e.g. Pkea Ostrya carpitiifolm and 

Bra^em& purpurea^ which no longer live there. Switzerland was a forested 
land characterised by conifers, viz. Picea alba and Pinas syk^eslris with Abies 
and doininant at optimum, though no locality gives a full interglacial 

sequence, possibly because the climate was too dry or too raw. The climate, 
Avith its AA'arm summers and cold winters, corresponded to that of south-w'c$t 
Poland to-day* The associated animal life, viz. moUuscs, also prove a more 
continental climate. 

For O, Heer (1865) and A. Escher (see p. 898J Avho believed in partition 
there was only one interglacial age for thc^e beds. Later w'orkcrs haA'c found 



Fig. 17$. — Praem at Rhododmfrf>n poniitwn (iti black) with tntei^tackdl fesallifemui 

locBlitics. S+ A, Cain, JJJ* p. 352, fig. 33. 


much difficulty in determining the age; it has been given as Mindel-Riss^ 
Mindel-Riss L Riss I-RSss TI, Riss ll-Wurm and Riss-Wurm* 

The best known, though by no means the best exposed of the 40 or more 
interglacial profiles within the Alpine glaciation,, Is the HStting Breccia(of 
'rriassic material)^ first discovered by A. Escher in 1845, Situated on. the 
left bank of the Inn in a sheltered angle betw^een the altitude of 580 m and 
1950, i.e. about 600-700 m higher than the other SAviss interglaci^ horizons 
and 1200 m below the present treeline,it is the largest of the slope breccias 
and one of the verj' rare interglacial localities within the inner Alpine zone. 
It partakes in its upper part of the character of a scree, in its loAvcr part of a 
cone, and is r. 80 m thick and almost 7 km long, having a mass possibly of 
I cu. km^^ (ct photo^)- Earth-movements may have been partly respon¬ 
sible for its formation,^^ Among the 41 species of the Hotting flora ^ 
{four are extinct), found in the yelloAvish-Avhite calcareous muds, are Bums 
sempmrirerts^ the box* and most plentifully and AA'ell preserv^ed^ RitododendFan 
ponticum^ the pontic rose- The latter, also entombed in interglacial lake-' 
deposits (with van'es) at Pianico-Sellere^^ on Lago d'Iseo and at SchaJf- 
hausen a$ well as In the Balkans {fig. 179)^ implies a mean annual 
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temperature^ of 2-0“ or 3-o°C higher thRii the locality has to-day and a 
snowline 400-500 m higher since it is now foreign to the .^Ips and grows vidid 
in south-west Spain, Balkans, north Asia Minor and Caucasus,^! 

The interglacial age of the breccia is denied^*2 on the grounds that it is 
preglaeiaJ, that ice and vegetation were in contact, or that the pontic rose and 
box, susceptible rather to dryness than to cold, are not warmth-loving but 
oceanic species. Wt the pontic rose in the Caucasus is one of the plants 
most sensitive to frost and never ascends to subalpine heights. At Innsbruck 
and Hotting (600 m lower tlian the Interglacial site) it can only be cultivated 
to-day when artificially sheltered (pi XXV a & b, facing p. 912). 

Excavations and adits, which have revealed the underlying moraine,‘W the 
oldest moraine knowTi from the interior of the Alps—probable occurrences 
of this moraine are known from several other places in the Inn valley —have 
now removed all reasonable doubt of the breccia's interglacial position. 
Nevertheless, its precise age remains uncertain. O, Ampfercr^ referred it 
to the interglacial of the Inn valley terrace. Pencksupported bv others,"*** 
separated the two by a glacial epoch and placed it w'ith all the Swiss inter¬ 
glacial beds in the Riss-Wurm epoch. Later, in revising the breccias of the 
Bavarian Alps,^i> he reverted to an earlier opinion, replacing it with the 
lignites of Uznach, Durnten (near Zurich), Wetzikon, and the clay-s and 
breccias of Pianico, in the Mindel-Riss or great intergbcial. The nature 
of the flora {RAoilod^ndron ponticiim h absent from the Riss-Wiinn inter¬ 
glacial in the Alps) and the stratigraphical relationship, including the dis¬ 
covery of the “Socket” moraine between the breccias and the terraces of a 
later (Riss-Wurm) interglacial, were the justification for this view w ith which 
other writers agrec.^o The age of the ScttieferkitMenseil {of Uznach, Diim- 
ten, Wetzikon, Morschwil, Wangen, Buchberg, Kallbrunn. Winden, 
Gondiswil-Zel!) is, however, not definitely known. Only three of the plants 
are Pliocene survivals.si Most probably the lignites belong to the Riss- 
Wurm but some are olderA^ The Alpine intcrglacials have been named the 
Hotting and Dumten,^^ 

The greater warmth is confirmed by the silver fir, spruce, Scots fir, oak, 
maple, birch, hazel, and Bmsenia purpurea and Trapa tiatans In Swiss inter- 
glacia] beds, by sweet chestnut and vine south of the Alps, and by the fact 
that at Pianico-Sellerc (see above) z8 of the 33 floral species now live chiefly 
on the eastern margin of the Black Sea, and some of the rest occur in the 
Balkans or central Italy. Bones are rare in Swiss interglacial deposits but 
at Durnten belong to EtepAas anlifitus^ Diceros merekii and Ursat ttelaats 
The planp of the lignites of Tyrol, Steiermark and Kamtcn and of the tufa^ 
of Ncusrift and other Austrian localities arc referred to the Riss-Wurm 

interglacial, 54 

Suggested modifications. HeimSS adopted Penck's classification with 
an important modification which Penck accepted, ffo correlated the middle 
Terrasscnschcttcr, noticed by R. Frei, A. Gutzwillcr, G. Steinmann and J T 
Tschudi, with the Riss glaciation. The Hochtenassenschotter (P. Beck’s 
Rinnenschotter^* in part), whose glacial age had never been riEorousIv umvi.r( 
he relegated, following 1 '. Muhiberg,” to the Mindel-Wss; it rontains 
lignite and hippopotamus and a member of the salmon faTfoly^* and a 
molluscan fauna which, like the attendant ^llcn, points to a rich vegetation 5? 
It is sandwiched between moraines over wide areas (as seen in many sections) 
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and ^ far a? the incothn of the Alpine va]]e]r'$t bailt up, not by over¬ 

loaded glacier-streams, but by a lessening of the gradient {see p. 446)^ 

The Penck-Bruckner succession, in either its original or its modified form, 
has been challengedT*^ especially by those who disclaim the glacial age of the 
schottcr (see p. 446), The Giinz in particular has been doubted or rejected*^; 
for as Penck *2 confessed^ no Gunz-^Iindcl horizon is yet known^ and a Swiss 
specimen of Elephas meridhnslis or MachaiTodas latidens has yet to be 
found .^3 There is no loess of Gunz age^ — this 3r;gunient is inconclusive 
since the Min del also lacks a loess (see p. 1027)^ The downward erosion 
betTiveen the two Deckenschotter^^ almost the sole foundation for the earliest 
glaciation, may be interstadial only ^ or of tectonic origin.^ Other glaciahsts 
assail both Giin^ and Mindel glaciations^^ since only two glaciations arc 
demonstrable in many places, e.g, the Eastern Alps* Swabia* west Switzerland 
and the French and It^ian Alps. A Giinz or early Pleistocene age has been 
given to an ancient solifluxJon in I'Tance*^ and in the Low Countries.*^^ 

On the other hand,, it is contended that to the classic four should be added 
a fiftli glaciation which either preceded them as at Basle {this Sundgau 
schotter is regarded as upper Pliocene and in Bav^arJa—EberPs Donau 
glaciation (divided into 2, 3) which is otherv^ise unknown, though it 
has recently been claimedfor the southern Alp and four pre-Giinz schotters 
amd Donau lae$^ have been maintained for south-west Germany —dr tvaa 
sandwiched beuveen the Hiss and Wfirm.'^^ This extra glaciation has been 
variously termed the Muhlbergianp'^^ Kandcr^ or Neorissian"^^; F. Muhl- 
berg^^ Correlated it with Steinmann^s Middle Terrace of the Rhine (see 
p. 1042). Recent work,®® e,g, in the Aare and Li nth, but unconfirmed else¬ 
where, has (on the strength of moraines in schottcr) inserted between the 
Mindcl and Ri$s glaciations tw^o middle gbdations, the Kander and GluLsch 
(Thun), ’which were associated with the Rinnenschotter and may be merely 
advance phases of the Riss glaciation.’'rhey either replaced the Gunz and 
Mindd or followed the great interglacial epoch of the riochterrassen- 
schotter and the excavation of the Alpine valleys. The warm Schieferkohle 
interglacial parted them from the Riss gbcialton.®^ The absence of inter¬ 
stadial deposits in somC larger valleys has been connected with the per¬ 
sistence of their glaciers \vhile the glaciers in smaller valleys disappeared.*^ 
Recent investigations®^ betsveen the Lech and Isar, e.g. in tl^e l^ine, Aare 
and Iller-Lcchi and along the northern fringe of the Alps^ have also tended to 
show that the glaciations w hich preceded the Wuim were each double or 
treble and that the WQrm itself was two- or three-phased. For example, the 
Low'cr Terrace is double®^ in the Eastern .Mps, in the Rhine betAveen Basle 
and SchafFhausen, and in the vicinit)^ of Kdin (see p. 1042). A threefold 
division is claimed®* for the Zurich See area of Switzerland (J. I lug), for 
Bavaria (K, Troll), for the Upper Rhine (D* Kimball and F. E. Zeuner) and 
for Upper Swabia (B. Eberl, cf. p, 1161). Nevertheless, Penck®^ holds that 
the morainea upon Avhich Eberl and others base their Vatlgli^d^^ing have not 
been proved to be other than stadia! features^ 

W, Kilian's NdofvUrmim^^~B. Aeberhardt^s and O, Amp- 

ferer's Srhlusseissieit^ (Schlem, with Gschnitz and Daun as retreat stages 
—is seemingly not a true glaciation ^2: Ampfcrer himself admitted in 1947)^ 

though it followed an interstadial oscillation ts^hich has been equated Avith 
the AllerQd oscillation (see p. 1431) and has found cxicasionai support on 
field evidence,^ as in the Oberengadin^ from pollen analyses^^ of interstadial 
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deposits, and theoretic^ considerations bitsed on Milankovitcb's curve*^ 
It had possible equivalents in the Eastern Alps^^ and other Alpine regions 
and in the Pyrenees,*^ Nevertheless, it uas not preceded by a period of any 
appreciable warmth or length—^the Climatic Optimum followed it'—and 
therefore w'as not a true glaciation.^’^ If any period deser\'es the name it 
would rather be the ^^ittle Ice Age” of Matthes (cE p. 1496)* The Buhl 
stage (see ch. XLII) has been raised to the dignity of aglaciation^oi aj^d cor¬ 
related with the Baltic moralnea of north Germany, 

Departures from Penck^s original scheme or GrtitidgUederiiitg appear^ there- 
fore, to be mainly three; first, cither the possible elimination of the Giinz 
glaciation (leaving three glaciations definilcly established) or the insertion of 
a still earlier Donau (Danube) glaciation; secondlvT the double or triple 
nature of each glaciation^the Kander and Glutsch may be tw^o such phases— 
according to tlie PoUglied^ung; and thirdly, the reiegation of the fiochtcr- 
rassenschotter, the pivot of all later classifications and nomenclatures^ to the 
Mindel-Riss interglacial and its replacement by the middle terrace w'hich 
corresponds to a fourth glaciation or a short advance intruded into the Riss- 
Mmdel interglacial, 

. Carpathians have not yet produced any stratigraphical evidence of 

interglacial epochs ^02 p 9^1)^ 


2* Pyretjees 


The P>Tenean valleys have four well-defined terraces which since Penck 10^ 
described them have been linked with the classic ^\Jpinc four in almost every 
conceivable way. This is set out in the following table for the Garonne - 








Belgium 



mesvinien). The age is Pliocene or early Pleistocene. 
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The Campignien forms current-bedded sand^ 3nd gravels in the lower 
parts of the valleys with a mixed fauna in the i-Talley of the Scheldt, including 
the cold forms (mammoth^ woolly rhinocerost Irish deer and reindeer) and 
hyaena and lion, that continues into the Hesbayen and Flandrien practically 
unaltered.^^"^ The industry is Strepyian, Chellean and Acheulian and the 
age Riss glaciation.^ 

The Hesbayen (= Brabanticn of A. the equivalent of the upper 

ergeron of the Somme^^^o ^vas deposited in the Riss-WCirm interglacial 
epochand contains Micoquean and Aurignacian. 

The Flandtian (= Zanddiluvium of H. C. Staring^^)^ which covers one- 
third of the country, including much of the north-west, consists of marine 
sands with continental beds and peats west of the lower Rhine terraces* 
WTiile a rnarine origin is affirmedj^^ this is denied by thp&e who believe 
they are fluviatile*^"* since the marine shells occur only near the coast and tlic 
beds contain fluviatile shells and peaus. 

The Limoni stip^ieurs or ergerom^ ivhich may have been niv^o-fluvial,^^ 
belong to the last glaciation. 


4. Norfh Germanyr Hoilatid and Denmark 

Number of glaciations. In the north German succession, which has 
been well summarised,a lower and an upper Diluviutn have long been 
recognised^ both stratigraphically and fauni$tic^ly (see p. S98), irrespective 
of the divergent views which have been entertained as to tlicir origin. A two¬ 
fold glaciation, first perhaps really establiahed by Helland in 1879^^^^ w’as later 
frequently advocated.It was based upon the two Dthiriim horiSEons* the 
transport of boulders(see below}, and the double sj'stem of striae in north 
Germany^ Scania and Bornholm (see p+ S9S), the products of a Meridional 
Ice-stream proceeding generally from nor^ to south and of a movement 
from cast to west or even north-w^est, as In Scania. It w^ corroborated by 
the Rixdorf bore as German geologists:, especially W. Dames, reco^ised in 
the 8o"s of last century'—^the first interglacial was the Paiudina horizon^ the 
second, the Rixdorf horizon—^by observ'ations in the Hamburg area*-^^ and 
for the region between Halle and Weisscnfels .^32 

The vaxious drifts in north Germany have been correlated among them¬ 
selves by the Danish numerical method,^^^ by the heavy minerals 
north Germany, the Weichsel has relatively much garnet and zireon tvlth 
amphibolct corundum and apatite, the Elster glaciation epidote and clino- 
zoisite, and the Saale and Waithe a mixture of all these minerals—and by the 
orientatioii of the boulders, for during the Kister glaciatio n the direction w-as 

from the north-cast, during the Saale from the north and north-west and 
during the last glaciation from tlie north-north-w'est (figs* 180, iSi). It is 
also ascertained from the percentages of boulders of diCerent kinds of rock^^^ 
of which 190 have been so used (some workers are unable to make this 
differentiations^'^ or emphasise the role of nudging and variations in the 
direction of fiotv within one glaciationThus Cenomanian erratics are 
more numerous in the latest drift the percentage of erratics from various 
parts of Baltoscandia varies Ln the Dutch and Danish drifts^"*®; the Elster 
glaciation In Germany is distinguished by east Fennoscandian (60%) and the 
Saale gUdation by west Fennoscandian material(40-70%), and by a high 
percentage of Baltic quartz-porphyrj',!'*- though the latter iias been associated 
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with the Warthe glacJatioiL^^^^ The Elstcr drift in lower Saxony and in Sylt 
has a high component of Oslo niaterialJ+^ Hesemann calculated the per¬ 
centages of the boulders from cast Fennoscandiap central Sweden^ south 
Sweden and Norway respectively and expressed them as whole numbers: tlie 
Elster gave a figure of about 63 lo^ the Saale figures such as 2170^ 2260 or 
j iSo and the Warthe 4330 or 3340. East of tlie Oder these methods fail; 

they would require a sub¬ 
division of the ca$t Scan¬ 
dinavian contingent 
Penck's three glacia¬ 
tions^ postulated for 
north Germany and Den¬ 
mark ottstratjgraphical and 
palaeontological grounds, 
are almost universally 
admitted ^ ; Kedhack 
(1927) designated them 
Elster^ Saale and IVekhsel 
(in alphabetical and chron- 
olo^cal order)—the inter¬ 
vening intcrglacials have 
been named Bel^ £r, Saut 
and (see p. 953)- 

They have been established 
by the two interbedded 
interglacial horizons found 
in one and the same bore 
in a number of north 
German localities (e g, 
Phoeben, Tempethof), and 
in sections in the islands 
of Sylti^andFdhr*5i and 
along the Riel CanalJ^^ 
According to H. Mtnzd, 
the penultimate interglacial 
contained Paiudina diliwi- 

Pisidiijfn amnicum and 
Plaftcrbis Jnicrompkalus, 
and the last interglacial 
Paliidhia duboisi, Zomtes 
adeformis and Helix ton- 
neiish. 'ITie interglacial 
horizons have their 
counterpart in the inter- 


Fic, tS*.—Main «luring tht Elster gltdAtion 

L* Swedbh: tsii FcTmoftcandiaci. 

P. WoldsEedr* r^aj, p, 314, fig. 63, 


Fjc. — MiitR H«w-lincs during ihc SmIc glBckuQn 

P. WoBdflttdt, iSs3, p, 315, 6*, 


glacial -ith Vhlcriin"‘Se 

valleys that fall northii^ards from the German Mittclgebime ® 

in Ra,.n K,i«. T» Sc »n„il 

Bakte-Oer {p. 9+4). A freshwater mtergbda] horizon (probably 
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belonging to the earlier interglacial):p Aviih diatoms and other form^* 
has been found on the floor of the North Sea,^^^ e.g. off Wangeroog (see 
p-1363)- 

A fourfold classification of the German and Danish drifted influenced by 
Alpine research^ has been frequently advocatedj^s either from morphologic^ 
studies or from interglacial sequences. This has been done by adding an 
earlier Elbe or ** Baltic glaciation — a cold phase preceding the Elster 

glaciation has been recognised in the terrace-system near Warthe in Silesia 
and three intergbcial transgressions have been postulated(Ilamburgp 
Dittmarseh and Eemian). Evidence for an Elbe glaciation is seen in the 
deposits Avith Silurian pebbles (from Jamtland^ Gotland and Osel) which 
occur in the Baltic regional*® e.g* near Stettin, in Poland in the oldest beds in 
the area between Warsaw, Piotrkow and Lodz,^*^* and in Galicia (near Jaro- 
slaw); in a cold layer at the base of a peal which underlies the Cracow (Mindel) 
glaciationand in the “Upper Terrace"* with cKcasiunal northern erratics, 
about the Harz MountainsJ^^ I'he cold fauna of the Tcenian of Holland 
(p, 697)1 early glacial horizon in the loAver Rhine beneath the Tiglianj 
(sec p, 1044)^ and the gravels of Sussenbom would also belong here.^^ A 
further indication is the occurrence of loess in handed clays of the Elster 
glaciation in Thuringia**^^—this glaciation itself has been equated with the 
Gunz,**^ Altcmauvely a "middle Drift(Warthe glaciation^ Flaming 
phase) has been inserted betAveen the Saale and Weichse! glaciations, its out- 
wash, e.g. in the Luneburger Heide and Niederlausitz, grading into the Lower 
Terrace of the Weser, xAiler* Leine and Elbe l Keilhaek,^*^ who with F+ Wahn- 
schafFe and E, Wenh regards the Warthe as a second oscillation of the last 
glaciation (see p. 1164), strenuously denies this. Even a fiv^e-fold or six-fold 
glaciation has been postulatedlargely on the evidence of bores in the 
neighbourhood of Magdeburg: the two preceding the Elster are termed Alster 
and Elbe. As in the region of the Alpine glaciation (see p. 937 Jh double- or 
triple-phased glaciations have been recognised in north Germany (see 
p. 919). Thus three-phased Elster and Saale glaciations have been postu¬ 
lated for Saxony. 

The nu mber of ice- i nvasions of I lollan d has long been disputed. Three ^ 
or four^^^ glaciations are still advocated, though most writers (together with 
the Dutch Geological Survey) have agreed that there was only one glacia¬ 
tion —tbi^ grooie ijsttjd is bracketed \Aith the It is affirmed, 

however, that the Elster ice crossed the lower Rhine, Fine sands with 

Scandinavian erratics occur below^ the till in Holland and Scandinavian ice 
therefore wns not far distant — this ice may have belonged to a separate 
glaciation (H. v. Capelle* Ixjrie) or an oscillation of the ice w^hich laid down 
the boulder-clay*"^* (J. F. Stenhuis, P. Tesch). 'Fhe marine sands (un¬ 
bottomed) at the base of the Pleistocene have been equated AA^ith the Gtinz^^^ 
though they belong to the Mindel-It Avould seem that there were 
tAvo glaciations*^^: for the Hondsnig, as proved by stone-counts, has a core 
of Elster drift with 50-60% of east Fennoscandian ciystalbnc erratica*®^; and 
pollen diagrams prove tAA'O interglacials in the north-eastand a complete 
succession from Gunz to Riss* including a Mindel-Riss flora. Blocks, en¬ 
closed in the typical till in the northern and north-eastern parts of the Nether¬ 
lands, show remarkable quantitative differences in the sedimentary and 
Ciy^staliine erratics, in mineral content, and — in addition to those caused 
by Aveathering—In the colour of the boulder-clayJ^^ During the Saale 
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gkciattoii the juDction bet\\^een the North Sea and the Baltic ioe lay in the 
Lujicbui^ger 

The four cold phases have been named in Holland,PraetiglLan^ Taxan- 
drian (previously termed Brabantian), Drenthian and Tubajitian. and the 
interglacial epochs, TigLian^ Xeedian and Eemian. The Pmetiglian Im 
EUphas planij^rom, the Tiglian E. the Needian E. mtiqum^ and 

the Drenthian and Tubantian A\ prtmigenius. 'I'he Tiglian^s most con¬ 
spicuous mollusc is Vivipixja ghdatis^ that of the Nccdian K diluvianQ, 

Limits of glaciations. While the Outer limit of the drift is fairly easily 
asoertained^ the bounds of the various glaciations uithin it are much more 
dijiicult to draw and are Still to be accurately determined. They were sought 
later in Holland and north Germany than in Swifeerland and North America, 
and even to-day opinions conflict about them as well as about their number, 
i^t an early stage^ the ice followed the Baltic depression as a vast Older 
Baltic Ice-stream* 3 ^ or Palaeobakic Glacierof uncertain extent; the 
lowest bauldcr-elay at Haniburg, Rudersdorf. Sylt and Rugen has been 
assigned to itJ®^ 

ITie Saale was generally the main glaciation {HaupUh^seit) in north 
Germany,though the Elstcr drift which has been found in deep bores in 
the Hamburg and Bremen dbtricts emerges from under it in numerous 
places (fig. 182), c,g. in W'estphalia. Thuringia, west Saxony and Silesia, 
in Poland and north of the Carpathians^ and R. Grahmann^^^ regards the 
Elster as the major glaciation. In flolland and the lower Rhine the two 
glaciations may l^ve been co-extensive ^ though the ice only crossed the 
Rhine in Saalc time^^^ (cf. above). 

The Weichsel bound.iry has occasioned much controversy. Klock- 
mann,^^ tvho remarked that lakes are confined to the Upper Diluvium and 
loess to the Ix>wer Diluvium, placed it east of the Elbe or generally along this 
valley and that of the Baruth. Later writersj^^ including K. Keilhack and 
the majority of north German and Polish geologists^ thrust it beyond the 
Elbe to the Flaming or Warthe line*^ and even farther south^^^J? to the 
Liineburger Heide. the Aller and Weser, the Breslau-Magdeburg Vrstramtal^ 
and the I.ausitis (^^9 m)^ Trebnitz (355 m) and Katzengebirge (aaS m). The 
Warthe line, they contend, is the outermost boundary^ of well-marked push 
moraines and out wash plams and does not conflict with the distribution of 
the loess. It accords well with the somewhat scanty palaeolithic evidence 
(see p. 1046) and with the erratic composition of the drifts, resembling more 
closely that of the later (Weichsel) drifts than that of the Saale glaciation but 
differing from both. Stone-counts,^based partly upon the brown Baltic 
porphyry (and, unlike the topographical relationships, of an objective nature) 
show, however* that a definite erratic line runs for over 1300 km through 
eastern Germany and Poland and follow's none of the recognised limits but 
coincides roughly with the Warthe line and the northern edge of the loess 
between Magdeburg and Breslau: the ice must have receded before the 
advance to at least the Aland Islands. The limit of the brown Baltic 
porphyiy' is equated with the Warthe glaciation or with the Saale 
glaciation.2^ 

Klockmann's line, now styled the Brandenburg Line, has been 
revivedsince it agrees w^ith the distribution of the disturbed Eemian 
deposits(see beloAv) and of the fresh surface forms,^^^ first emphasised by 
Penck, including the lake-landscape and the tunnel-valleys^^ (see p. 241). 
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It inctudi:s the most easterly and northerly interglacial deposits of the 
Brump type^ *83, 1S4) and all tho loess localities, including the 

northernmost outiiers^o*: lateglaciaJ loess has been found, however, in 
Lithuanla 2«7 and on Riigen.^^w On this view, the interglacial Rabutz clay, 
with its fauna of Elephai ajiliqum^ Diceras jiiercAiY and Cmms elep/tas, unani- 
mously ^garded as belonging to the last inteiglacial, was sealed by soli- 
fluxion™ and not by the till of the last glaciation as has been suggested.^io 
and does not lie bcRveen the Saale and Waithe glaciationsITie lacustrine 
Kkselgur of the Luneburger Heidc,^i^ though placed in the last interglacial, 
belongs to the penultimate interglacial: it records a periodidtv in solar 

radiation .213 

\\Y>ldBtedt.2n supported by Polish and other eddcnec.^i^ believes the 
W arthe moraines are separated from those of the later Wujichsel glaciation by 
an interglacial epoch (the Ecmian), and from the preceding Saaic glaciation 
by an intei^tadial-thc podsol was of less depth in the Saale-Wartbe inten-al. 
I he 50 miles (So km) of disturbed Eemian deposits give a minimum measure 
of the retreat ($ee p. 946). 

'Phe arguments seem to dispose of the view, often stated,2l6 that the Baltic 
moraine is merely recessional and that the drifts within and without are 
pctrolpgically stratigraphically alike and have the same state of weathering 

1 he limit of the last glaaation, when traced westtvards, departs more and 
more from the Mittelgebirge and from the older glacial boundaries Its 
boundary'm Holstein has been pushed farther west ^n as the result of studies 
t and stone counts, and is now dearly delineated in Jut- 

land,21» though confiision existed earlier because solifinxion products had 
^n mistaken for boulder-day. 219 Their modern reference to »Iifluxion 235 
harmonises with the distribution of the Bakhe-Oer (*'hiihisbnds'') viz 
mounds of older drift, of smooth outline, which range in size from '‘islands” 
2000 $q. km m txtiint to small^ isolatijd hummocks and arc cut into and Sit 
tiT by the sandy ourt^h of the last glaciation in west Jutland.^^i 

The boundary also agrees w ith the hummocky landscape of the east 2 ^ with 

H Vm HE "" 1 *’■ constinienis of the 

dnft 223 (bapit erratics, restricted to the upper drift, occur tt^is km farther 

west and give the maximum extent of the ice over a stretch of c. too km). 
FVI ^ be foDowed to Hamburg and the region about the 

^ triable with any certainty farther north. Danish 

extend this glaciation to the wc^t coast, and others suggest either 
that ns boundary merp mto the belt of young end-moraines in Jutiand^^^ 
or. hkc the other ice-frouts, runs across the floor of the North Sea22* fs-c 
fig. 356, p. I2Z9). ^ 

To correlate the last glacial limit .vith either the Brandenburg or the 

Holstein seas. The ^ian beds, which play no morpho¬ 
logical rok, ^e gene^j-grey or greemsh-grey clays or coar^ id fine sSds 
1-40 m thick in Holland and 3-14 m thick in the Eem valley itself 
province of Utrecht. Frequently disturbed and imbricated by subLquem 
^jressur^ Aey; range widely south of the Bakic,22B either m or e ^"0 
Schleswig-Holstein^ as enclosed masses m the drift I j . 

from TerscheHing^d Texel and the Belgian coast (shells of 
have been detached from Bubmanne outcrops of the Eemian the Dutch 
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FlOr tS3.—Did^mnuiRtLc scctioii qf an inti?n;lacbl boiln qf Br^nip typ*. o, wand and j^rn; 
Aj bqiildcr-clay; c, Jowcr ba.^tn sand and clay (lllrcAl^^mPKO^ lower peat; freohwarar marl 
UT kicsciRiir; /, iippar p«tt; upper baain sand; coveruig bouidera and aaml (GetMt6e- 
deefuandj. P* WoldstedCp K & C. ip ig^ip 84 , i. 
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frontier and from the Zuider Zee {—25 m), Amsterdam and the Eem valley): 
J. Lonf; 23 “ has listed the Dutch and O. Grahle^Jl the north*tvcst German 
occurrences, and J. I'. Stenhuis, E. Dittmer, K. Gripp and Tesch have 
coiKtrueted maps of the Eemian shore .232 The t^ds occur too in the 
Frisian Islands, e.g, Sylt— the Tap^s shells are washed up to-day in re¬ 
latively large numbers on these blands—and, under a stretch of 55 km in 
south-west Jutland and north-west Schlcswig,23J beneath Holstein,^^ along 
the line of the Kiel Canal ,235 in the Danish islands, Riigcn, the whole of West 
Fru^ia and East Prussia, near Thorn in Posen and in Estonia and the 
Dwina region.2M The Eemian included the celebrated Elbing Yoldia 
Clay 237 which A, Jentzsch described in 1876 and later years and which con¬ 
tains plants, molluscs, foraminifera, nidblaria and diatoms. TtUina calcarea 
day at Odsherred and marine shells in the moTaincs of north-east Sjaelland 
demonstrate that the Eemian Sea invaded the Kancgat. 23 e probably 
extended far northwards toivards Scania,23? 

Many transported masses have been discDi-ered In east Germany where 
A. jentzsch first detected them, as well as in Sjaelland. Fyn, and over a 
breadth of 50 miles (&o km) in Jutland,-"^* 

On the west, the Eemian is represented by the sands, gravels and clays of 
the Flandrian Sea which covered one-third of Belgium from the North 
Sea to north-west of Maastricht .242 


The Eemian clays, discovered by Forchhammer^ii and described aa Yoldia 
Clays, were called Cyprina Clays by Berendt 2 « frvim their constituent shell 
Cypriaa isiandica and to avoid confusion with the lateglacial Yoldia Clays 
of Scandinavia, They were later (1908) named Eemian 24 S since Cyprina is 
not a principal fossil of the horizon, unlesa perhaps in the east, and the fauna 
IS that of the Dutch Eemian 2 '« The name is derived from a common 
species, Tapes aureus Gm. var. femjrVHJtj NoTdm .247 or a variety of Tabes 
Only extinct species In a fauna^? which, genemlly n^h 
m individuals, mcludes 120 moiluscan species and the following- Yoldia 
{Portlandtca) or^tea Cyprina islattdiea, Astarte borealis, diatoms. PI,oca 
gTiietiiandica and GadtiS pofaris. 

m ^mian Sea resembled generally the present North Sea in its salinity 
as IS indicated by its diatoms and the size of its molluscs. Its tumpefature'251 
however, except In that part of the sea which was characterised by Yoldia 
was warmer than the praeiit Kattegat and North Sea and approached rather 
that of the English Channel or the sea farther south. 'I’hc fauna, for 
exainple, comprised several species which now live in the Mediterranean and 
off the coast of Portugal and F,^ce ,252 ^uch as Haminea navicvla, Luciaa 
dnancatp Syndesup^a oyata, MyiHus cf. mimmas, A/. G,atrana 

Jragihs. EuhneUa mUdtssitna, some of them unknown in north-west Europe 
m other mtergla^al or postglacial horizon. The molluscs include no 
truly noi^em shell {Cyprmfl .slandua, judged by its present range 233 not 
northern), of the diatoms ,=34 southern and only ± 

northern. The wa^ oceanic elim^e^ss agrees with the higher temfemture 
of z-o C considered reasonable for Denmark at this time ,256 the absence 

of erratics from t^ daj-s or any sign of drift-ice .257 and with pollen analyses 
of the deposits. 25 H The upper pan of the succession however is characterised 
by fewer Lusit^ian forms and by the appearance of a number of boreal 
apecJcs^ especially among the gastropods. 

That this marine incursion of wide areas bordering the Baltic and the North 
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Sea (fig. 185}^—^Kirmmgton in Lincolnshire and March and Kelsey in 
Holdemess may belong here (see p. 1007)—-was only shallow^®® b demon¬ 
strated by the molluscs and diatoms. Ets shore^ for example, was not far 
from the present Baltic coast near Kiel.2^1 The sea gradually (rapidly 
invaded the land, its clays replacing sands and gravels and its marine beds the 
underlying fresh^Miter stratawhich contain Pi^luditia dtlaviatui^ Litfio- 
glyphus naticoid^Sj Valv^ta naticinii^ Corbiculd flurtthtatis^ Dreiss^nid poly- 
morpha, Pisidium obtusale and Umo. It also submerged the land vegetation 
which, as. in Holland and between Esbjerg and Kolding in Jutland and at 
Clacton-on-Sea in England, was in its optimum phase of mixed oak forest-^^ 
In Holland, where the Eemian flora was first discovered in 1930,^^^ this forest 
w’as both preceded and followed by a coniferous period.^*^ 



Fic. 


F.L Faber, 


Indicationa in north Friesland 
suggest there may have been two 
invasions.^*^ 

According to Penck,the 
warm Eemian of south Jutland 
and Holland was contempora¬ 
neous tvith the arctic fauna of 
the Portlandia stage of north 
Denmark at Skacrumhede (see 
below)j East Prussia, Gulf of 
Riga and Finland (betaveen Gulf 
of Finland and Lake Ladoga), 
near Leningrad, I^ke Onegn 
and the Dwina—here the sea 
reached c. 80 m above present 
sea-leveL^^ A strait between 
the Arctic Ocean and the Baltic 
admitted a cold current from the 
north while a warm current 
entered the Baltic from the 
North Sea,^^® On its coast grew 
CorpittiiS, Quercus and UlmtiSr 
The Portlandia Sea may have 

been the late-interglacial phase of the warm interglacial Eemian: pollen 
analy'ses confimn this successbn*^^* 'Phe diatoms suggest that the Holstein 
Sea (see below) was colder than the Eemian Sea though the temperature con¬ 
ditions varied locally and make comparisons difficult,The Porilandica 
aretkn in the drifts of Latvia (see fig. 187, p. 954) were derived from an 
interglacial sea over the southern half of the Gulf of Riga^ 

'Phe age of the Eemian has been much discussed since Forchhammer^^^ 
first placed it in the Pleistocene. While some ,274 including the mono- 
gbcialists, put it in the pregbeial, a reference incompatiblewith its lack, 
generally speakings of prcglacial species and with the abundance and variety 
of mineral grains which are diagnostic of the Pleistocene, most assigii it to 
an intergbcial epoch*^^*^ either the first^ or the sccond^^^^ or in the case 
of those who accept four glaciations, to the middle intergbcialor the 
Warthe-Weichael interglacial.^®® Others make its age difor in east and 
wrestor deem it to be preglacial in East Prussia, first interglacial in the 
lower Vistula^ and second interglacial in west Germany and Schleswjg,^®^ 


] G5.—Map of the Eemian Sea. 
477 . P- % 123. 
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It seems probable, however, that there were transgressions in both the first 
and second epochs,Penck’s Holstein and Eemian aeas,^®‘* which with the 
Icenian gives Holland three Pleistocene transgressions.^ss K, Gripp2*s has 
suggested the name Stor Sea for the Holstein Sea {to avoid confusion with 
the lower Miocene Holstein horizon). This sea, whose distribution and 
fossil content (over 50 moUusean species) in Schleswig-Holstein and 
Gemiany have been fully described,^®'' extended in a big bay up the Elbc,^® 
where marine clays lie between freshwater sands and clays and peats, and 
into Holiand^SO where palynology proves a climate like that postulated for 
Jutland and north-west Germany. H. Neumann,because of slight 
differences in the faunas but on no other stratigraphical evidence, ^ 
referred the deposits of the Holstein Sea to two transgressions, an earlier 
Hamburg Sea and a later, Dittmarsch Sea, of Ekter-Saalc and Saale-W^arthe 
age r^pectively: the distinction behveen these seas is, however, not 
recognised.^' 


While wide connexion over the Kattegat and Skageirak must have 
ensured simil^ conditions, e.g. in repect to salinity, in both the east and the 
west and during successive invasions, it has been doubted whether the same 
total fauna would in fact return a second time. Thus three horizons in 
Denmark, each of them named Yoldia Clay, viz. the Esbjerg Yoldia Clav of 
the first interglacial, the Older Yoldia Clay at Vendsyssel and Skaerumhede 
of the second interglacial, and the lateglaeial Yoldia Clay in Vendsyssel, while 
generally similar, have significant fauna! differences(see p. 1025). 

Recent evidence seems to sustain the correlation of the Eemian proper 
with the second interglacial, at least in west Europe. The Dutch Eemian 
lies definitely above the Saale drift and below the RHne Niedm^rmst 
(Dutch m P^tiveen Jutland and the Zuider Zee, the Eemian has 

no morainic cover it thins out against the older boulder-day of the Rakke- 
Oer (sec p. 944)~while in the eastern strip of Schleswig-UoUtein and Jut¬ 
land bores prove that It was buried by thick drifts of the last glaciation and 
w-as disturbed by the advance of the last ice-sbeetSW-^t overlies the Warthc 
drift.a« The Skaeriimhede bore (see below) shmvs that it belongs to the 
upper part {PfiTtlafidta arnica zone) of the Skaerumhede series. 

Yrt on the Kiel C^d, as twres and dredgings establish, and at Graudenz 
^d M^enbu^ in the lower Vistula basin, the Eemian seeim to be overlain 
by an older dnft In Ristmge Klint, it may also be in an earlier LntergladaJ, 

In south Holstein, tlie deposits which resemble the Eemian but lack its 
Lusitanian warm dci^nt and its characteristic extinct shell, overlie the 
Lauenburg Clay. This day, up to 70 m or 100 m thick, is black or 
greenish-grey m rolour and nch in foraminifera and becomes sandy when 
traced up the vdleys It h» a wide distribution in north-west Germany 
extending from Hamburg to Groningen in Holland and occasionaUy appeara 
at the surface or at exceptional altitudes as the result of later ice-prc 4 ure It 

^-burg 

Terresfrial de^site. Interglacial freshwater beds, found as basin 
mfillmgs (marls Kieselgjjr and peats) or as thin streaks in secondary 
distributed positions in the dnfts, consist of littoral and bottom muds feS 
carcous, ochrroi^ diatomaceous). ’they range extensively through noX 
w^t Europe from Hamburg ro Berlin East Prussia and Poland (Chdmo). 
and westwards into Holland and Dcnmark-the description of the intergS 
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localities in north Germajiy occupies 40 pag® in Wahnschaife-Schucht's 
300 (ig2:l)* The a^ociaCed flora reveals the change of climate from cool 
to warm and back again to cooh^^ Moat of the north German interglacial 
localities belong to the Saale-Weichsel interglacial since the Elster-Saale 
interglacial deposits are far more deeply buried and are accessible for the 
most part only in bercs.^®^ 

The moUuscan fauna contains Va/vnia naiktm^ V. pisanalis^ Lilho- 
glyphm pyramuIaiuSf Neritifia seTTaiiii 7 tif{?Tjnis and P^diuiti mtermdes, to¬ 
gether with Vhip^ra (P^ludina) dilu^iana Kunth^^ whose precise relation 
to the modem species V./usciain Mill (which inhabits tributaries of the Black 
Sea) is in dispute. While Neumayr^^ and some later palaeontologists^ 
regard them as identical or forming a FormwiJbrij, many have deemed the 
Pleistocene form to be specifically dbtinct.^^ It is also referred^® to 
V. pyrattiidaiis or F. aim of Italy (these forms dilFer only in their colour) or 
is said to be identical^ with V, tiacton^mis S, V. Wood, 

E. Keil hack's suspicion that the Paladtm horizon was interglacial was 
confirmed by the discovery of an underlying boulder-clay at Rudersdorf^^l 
and later at other localities in the Berlin area^^^ and by pollen analyses — 
it coincided with the mixed oak forest. Nevertheless, while the interglacial 
age is now established, its age is still somewhat uncertain: it is referred to the 
second or Rixdorf interglacialor to the first or Elster-Saale interglacial^*’* 
since its associated forest flora contains AktA^ which in the Berlin district is 
only found on this horizon.*^^ It is* however, probable that the Rixdorf 
horizon is one interglacial younger than the Paludma zone^^^ or belongs even 
to the Warthe-Weichsel stage^l^ or Weichsel interstadial^^^ since it contains 
a mixed fauna of cold and temperate plants. In tlie Netherlands *^0 the 
Paludifia horizon may belong to an interglacial epoch earlier than in the cast, 
in Berlin, though the occurrence of Azotta Jilkuhides in both areas sug¬ 
gests the beds are of the same age.^21 Xw'o Fahidifia horizoiis have been 
claimed for Mark Brandenburg.*^ 

Of mterglacial age al$o are the terraces w hich occur in the valleys north of 
the Mittelgebirge, e.g. the classical area between Halle and Weissenfeb and the 
Middle Terrace no^ of the Harz Mountains which lies in the Elster-Saale 
interglacial, and the tufas at the edge of these mountains 323 —the fauna haa 
w^arm gastropods and remains of DicAros merckii. 

The Mauer sands, found in an ox-bow of the Neckar near Heidelberg and 
famous for their jaw of Honio Aeidelbergetisis (sec p* 861), contains more than 
120 plant species *24 a rich mammaiiaii fauna characterised by Pliocene 
survivals, e.g^ Tn^onthenum cuvieri, Elephas irogontherh\ Di^Arorhinys 
tiruscys, Uippopotannis mey'Dr, Matfimradys $p,, and by Pleistocene forms, 
c.g. Etephas antiquus and Eqam mofbiu:ftensis^ which place it in the first 
interglacial epoch in the Elster interstadtal.*27 Rodents and other 

ammals show that it is bter than the Cromer Forest Bed, *28 'Fegelen (see 
p. 1043) and Mosbach also by common consent belong to this interglacial 
horizon^ as may, on pollen analytical grounds^ Haren in the Ems vailey,*^^ 
Ncu-Ohe on the Luneburger Heide*^® and Hamamia and Dzbanid in 
Poland.**! 

The travertine of Cannstatt, with its warm plants, snails and mammals, 
belongs to the Elster-Saale interglacial 3 * 2 ^—it is <x^ve^^ed by an Older Loess— 
and t^t at Ehringsdorf (Low'er Travertine) to the last interglacial 3 ** — it 
contains remairis of Neanderthal man. 
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Skaerumhede series. One of the most criucaJ bores through the 
European drifts Is at Skaemmhede* north Jutlandp where more than 200 m 
of drift was pierced in a search for oil^the Pleistocene organic remains give 
me to natural gases (86-91 % methane) at more than one hundred localities 
in north Jutknd.^^"* The succession in descending order was as follow's 

D. Fluvioglacial layers^ *^57'4 

Sandt clay, gravel, with overwhelming preponderance of 
boulders from south-east Norway (rhomb porphyry, laurvikite), 
formed by a short-lived ad't'ance of Baltic ice. Contains plant 
remains and roDed fragments of marine mollusca. 

C. Marine Skaerumhede series, 57-4“! So *3. 

Contains shells in ^itu which are frequently w'ell preserv^ed* the 
young and smaller species often with dosed valves. Shows change 
of temperature tlirough a cold interglacial. 

(c) Portl^diit df€iic& zone (Older Yoldia Clay). 

Up to the time of the bore^ the oldest known glacial deposit 
in Denmark. Marine clay formed in a cold climate as shown 
by arctic molluscs and glaciated and ice-scoured boulders 
dnftcd from Norway, Intermixture of sand and gravel layers 
with shell fragments of chiefly mossesp occasionally seeds and 
remains of leaves of higher plants, including liana^ 

Salix kerbatea and S. poturis. 

(b) Abra nkiiiti y^one, 97-106 m. 

Softp dark clay without stones, containing borco-arctic 
molluscs, such as live to-day at depths of 20^40 m on the coasts 
of west and east Finn mark. 

(a) Tunilflh jeone, 106-4-180*3, 

Soft clay, rich in boreal molluscs living to-day in depths of 
40-S0 m off west Norw ay and the Lofoten Islands. 

B. Older Boulder-^claVp with subordinate fluviogiscial beds, containing 
Baltic erratica, brought by the Older Baltic Glacier. The in¬ 
cluded molluscs (Pifrtliindia Teiiina caftrarM, Saxtc&va 

arcticii) arc purely anctiCp derived from some earlier marine 
deposits. 

A, Chalk {BelemiHelta mucroftata zone). 


The Sbemmhede series, which also includes beds in the drifts of other 
places m north Jutland 33 * and in Sjaelland, Meenand R(igen 337 —the Elbine 
Yoldia Clay p. 946) may be the PortlmSa arnica zone^belonm 
apparently to the retreat before the Baltic moraines 338 or the Ust or Eemi^ 
interglacial, 33 ? though recently the Skaemmhedc series has been proved to 
he between morames C and D and therefore to be later than the Eem 

interglacial,3W 

The interglacial was more continental than the present, as ia sugecsted 
by the distribution of the blackearth "steppe islands'* from the R^ne to 
Poland (see p. 916)—some of these are Boreal (see p. laotj^and bv the 
reddish soils of this age in south-west Germany, Prance and the Thames 
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valley which are remintsetnt of the Mediterranean soiJs of to-day,It was 
also apparently warmer than the present though a anbarctie or minor cold 
phase^ the Danish Middle Bed (the equivalent possibly of the cold phase of 
the flood loam and fourth glacial terraces of Ehringsdorf with mammoth and 
Erfiys orhifuhris and of the mtra-Monastirian fall of sea-level^-) interv^ened 
in the middle of the epoch and is not to be correlated with any one of 
the four recognised glaciations (Elster, Saak, Warthe, VVcichsel). To its 
interstadial deposits may belong the upper Travertine of Ehringsdorf. 
Nevertheless^ no corresponding cold hori^n is known from the north German 
succession or from any other area outside Denmark,Since the north 
German Saale-Weichsel interglacial deposits show no sign of a second warm 
period the double period in Denmark may be due to later disturbances 
and solifluxion.^-^ 

To the Saale-Weich$el interglacial belong the various deposits near Berlin 
(Phoeben, Klinge, Rixdorfj Neukolln) with a warm mammalian fauna 

Fehs teo, Zheeroj merckii) and a cold one (Ekphas primigentiis^ 
Tichorhittus antiquitatis, Oirj&oj moscfuitus, Eaiigi/er tarandus}. The plants 
show a succession from arctic and subarctic through Befula and Pimis, mixed 
oak forest, Carpittm, Picpu and 44 bies back to Betula and Pinas. 

The “ greator Elster-Saale interglacial vva$ likewise interrupted by at 
least one cold phase which may have been the first phase of the Saalc glacia- 
tion.^^s It tn-JY be represented by the second glacial terrace of Thuringia 
and other areas (see p. i267)t the middle Older Loess (see p. 1027), and 
certain pedological evidence in north France.^^ 

Danish terrestrial interglacial deposits. Terrestrial interglacial 
deposits in Jutland^“^ arc found in basins into which they thicken from the 
sides. 'Ehcy occur without or within the limit of the la$t glaciation, without^ 
covered with solifiuxion material^ within* buried beneath true drift, as at 
Ejstrup, Rostrup, Vcllow, TreSde, Fredericia, Vejle and Ilomp^ (fig, 186). 

Outside the moraines, the deposits arc of tivo t)^pes. The first or Herning 
type consists of bogs in hollow's with two temperate beds, as at Ndrbolling, 
Brorup Hotel Bay and at Herning itself* in which the succession is as follows: 

Solifluxion layer of stoneless clay* sand or gravel with interkneaded lumps 
and lenses of interglacial mud and peat and destitute of stratification, 
coeval with the last glaciation of Jutland. 

Clay bed or Eeiuia ftana-Empetnim heath, a repetition of the Middle 
Bed, with S, tianaf B. pubesaenSt, Empetrum nigram and aquatic species. 

Upper hlud Bed, almost the same species as the Lower Mud Bed 
(Brasema purpuria^, Dulirhiam spattiaceum^ Trapa natans^ Tiiia ptaly- 
pftyllos, Carpinus betutus^ Taxm boi-catay 

hliddk Bed with subarctic flora of Be tula nana, Enfpeirum nigrum, Salix 
sp. and wind-carried pollen of trees far away {CarpmuSj Coryhs^ 
Querem) and a July temperature of 

Longer Mud Bed consisting of an upper Pirea-Curpinus sfione and a low^er 
BHula and Pinus sylvestris zone separated by mixed oak forest 
(Querctis robur^ Almis glutinosa, UfmuSj Corylus at-ettuna, Fruxinus^ 
Ikx aquifolium, J'iiia piatypkyllos) which represents the Eem zone. 

Arctic clay with Salix herbarea^ S\ reliculata^ Beluta nana and araic 
mosses resting on moraines. 
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Tundra vegetation of Drym oetopetola, Betuia tujna, etc. 
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The Brdnip type is also seen in several places on Sylt, e.g. the Tuul of 
Sy|t ^330 in Schleswig-Holstein^ tlie Hamburg district^ Cng. Kubgrund I (as 
C, Gageh StoUcr and VV^ Wolff recognised}, Kuhgnind II (Lauenburg)^ 
previously regarded as postglacialor interstadial,J 52 at Rfimstedt and 
Fleestedt in the Liineburger Hcide^^^ and in cast Germany and Poland. 
The second vs'arm period of the bipartite interglacial (see above) of the 
Heming Xypt may be due to contamination from tlic earlier hori^on+^^^ 

The Esbjerg Clayp 356 with Yaidtn arrtka and a specifically poor fauna, lies 
undisturbed in a basin in the moraine. Partially buried under fiuvicgLada] 
and morainic sands^ it dates from the Elster-Saalc or penultimate inter- 
glacial to which the flora of the mud blocks found in a secondary position 
near Copenhagen also probably belong, Mammoth remains have been 
found in Denmark Including Sjaelland.^^® 

The interglacial epochs have been denoted^ the Holstein and Eemian or 
Paludina and RL\dorf, with the Tiglian and Cromerian preceding thenii 
Alternatively^ they have been named the Bel (Baltic-Elster)^ & (Elster-Saale), 
Saw (Saale-Warthe) and Waw^^ (Warthe-Weichsel}; or termed t-inter- 
glacial (Lat. injimta), O-intergladal (Lat. oplima} and U-interglacial (Lat, 
titiittui) or Ilmi, Orla and Unstrut from the three Thuringian rivers.^®^ They 
have also l>een lettered C {Cromerian), D (Durnten or Needian of Holland) 
and £ (Eemian) — A was assigned to the older Villafranchian (Guni intej^tadial), 
B to the younger Villafranchian and F to the Aurignacian oscillation;,^ 
\V1-W2 (see p. 1047)* 

I’he horizons in Germany may be correlated a$ in the following table: 
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5. Poland, Russia and Siberia 

■ tlistribution of the landscape which characterises north Germany 

IS found in Poland, together with the three ^ones relative to the toess^om- 
plctc failure of loess in the north, island-like occurrences in a middle zone, 
c,g, near Nowogrodek and Pinsk, and a Eoothem zone of continuous loess 
NevcftheJcss, the number of glaciations in Poland and the territory of the 
_U aS.R IS still uncertain. While a double glaciation ("Carpathian” and 
Central ^ is pmtulatcd by some Polish (see p. 671 ) and Russian geologists 1*5 
— ^j^ially before the discovery in 1930-1 of a number of fossiliferous beds 
in different parts of Poland — and is established for many localities,!** other 
glaciahsts demand threel*^ (named Likhvin, Dnieper-Don and Valdai) 
fouriss or even five^w or (p. glaciations, according apparently to the 
region m which they have worked^the fifth is the N^owiirm. The equiva¬ 
lent of the Gunz is unknown in Russia !70 though W, Krokos!?! rccoCTised 
sue loess honzons in the Ukraine which he correlated with the alpine four a 



pre-Riss glaca ,on and Worm z W. Szafer and other geologists ,372 on the 
basis of the interglacial floras have recognised for PoliSid four glacirSons 
named Jaroslavian, Cracovian {= Carpathian), Warsovian I and 
(this conttpnses the mne ^ fresh topography and abundant lakes) which thev 
mrrelated with the four German and Alpine glaciations! 73 _the intemIpcS 
phases were named Sandomirian, Masovian I and MasovHan TI T. 
glaciations ear her than the Central Polish glaciation (Saale) are recognised m 
.\n interglacial, which preceded the Elster glaciation and was rougWy^val 
with the Cromerian occurred at Ilamarnia in Galicia, 37 J and Sir 
glacial horizons are known from Latvia inrcr- 

Each of the interglacial horizons in Poland'has ite own peculiar evde of 
Climatic changes and its own characteristic pollen diagrams (see fi« mzb 
and 172c, pp. 90a, 909) so that even a smal] fragment of these 1 

stages may determine by itself the relationship^d geolouical 
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Masovian II, which occurs in at least 30 sites, has four stages; stage I is a 
coniferous forest {Pitius fyh'estris, P. rcfli^rn, P, montana, Lsrix pQlonice, 
L. sibirica, Pkea exceha, P. obovatu) with an admixture of birch {Betula 
puhescenSf B. tortuosa)', stage II begins wth a clceneasc of these species and a 
rapid immigration of Querem, Corylas, Ijlittus and TiHa, with ^cer platy- 
phyiitu^ jL tatariaijn and fraiiHaj—the abundance of Corylws distinguish^ 
this interglacial from the earlier interglacial epochs and from the Holocene in 
Poland — ^and with water-plants including Brasetiia purpurea, B. nehringi, 
Dulkfiium spathaeeuffi., Trapa nataus and Aidro/vanda TMiVatofa; stage III, 
with a more humid and cooler climate, is characterised by Carpinus hetulni 
and j'J&ifJ pecthsata and a striking absence of Pagus- stage IV, with a marked 
cooling of the climate, shows an increase of Pkea (Aofcata, Pinus^ Betuta and 
Salix and a re-appearance of a treeless tundra with Betuta nana and NAP. 

Masovian I is distinguished by the almost constant predotninance of coni¬ 
fers Picea excetsa, P. oumrka, PhiaSy Abiei fruseri (North America tree), with 
Larixi stage 1 has Piatts cembra, P. sykestris^ Larix cf. polatika, tHcea CAceba, 
Abks fraseti and Betula\ stage II shows a decrease of Pinm and Betuta, an 
enhanced importance of Pkea (P. excetsa, P. onrorwroM&j) and appearatice of 
Quereus, Titia, Vlutur and the latter, in contrast to Masovian 11 , 

nowhere has a high percentage; stage HI, the thermal optimum, with Abies 
fraseri, Carpinus betutas and ^«ercuf—there was, how'cver, no EMW—and 
water-plants as in Masovian II; stage IV, shows a sudden increase of Pinas 
and Betula, 

I’he Polish interglacial deposits also reveal the disappearance of the extinct 
species and those still living in North America or cast Asia (Ssafer, 1952)— 
the Mindel (Cracovian) glaciation was catastrophic in this respect. Thus of 
the 11 extinct species which were present in the first interglacial, e.g. at 
Mizema, two only are present in the second interglacial (Pfceo omaricoideSf 
FafciMiMffi cf. ^mcifw) and none in the third interglacial, while the corre¬ 
sponding numbers for the North .American-east Asian species were 15, 6 
{Tsi^a sp., Abies fraseri, Osmuada claytortiana, Asatta filiadoides., Dulkkium 
spathaceum, Brasenia purpured^ and 2 {Datkhiuiri spathaceum, Brasenia 
parpureaY 

Pour glaciations, equated w ith the German or Alpine four, are claimed for 
the Caucasus 

The penultimate glaciation in Russia appears to have been the maximum ^78 
(N, I'lorow and others placed this in the last l™)— the Scandinavian and 
Ural-Timan iee-masscs tvere then united^sO—ivhile the equivident of the 
German Elster glaciation may be seen in the drift profile at Likhvin in central 
Russia.^®^ 

Russia’s last glaciation was double, J*- to judge from its valley excavation 
and aggradation, and its loess and terraces which have been classified as 
Wurm I and 2 or Wurm or Neowurm, though G. Mircink^®^ recognised four 
stages of this glaciation and I. W. Danilowsky^s^ three. 'Ehe entire develop¬ 
ment of the Palaeolithic from -Mousterian to Magdaicnian in Russia and 
north Asia belonged to this glaciation ^* 5 — slower Palaeolithic occurs in the 
Crimea . 5 ®* The Moscow moraines arc usually regarded in Russia as 
equivalent to the WeichscI and the Valdai moraines to the Warthe. 

The limits of the glaciations arc as uncertain as their number. Woldstedt’s 
reconstruction is given in the map^s^ (fig. igg). 'ITie boundary of the last 
glaciation, the subject of many discussions , 348 is the outermost line of the 
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Fio. iSS.—Extcn.t of the dUfcmit ioe-ihecta in Buropt 
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]ake-region (Kleinseeg^kei^^t just a$ it is in north Germany, %\Tii!e the 
details remain to be discovered, its general course is kno\™ ^; it runs through 
north Poland from south-west of Vlliui to north of Minsk, thence easnvards 
and north-eastwards through the west Russian Ridge to the west of the 
Valdai Hills (56^ 45' N.; 33'^ E.), and by the northern lake-region to the cast 
of the ’White Sea. H. Wilhelmy^i has reconstructed the distribution of the 



Fjc. The dimitie *iid Mao of Europe and llic MeditcxTAncan rr^ion 

durini; WOmi Timo. V^H^tation (probably of aiinmicO after B. Fnmz^l St C. TrcUp 
Er & G. I 95 ih mip opp. P- 160; diitributiori of c^qim and andcyclonca after H. C. 
'VVinett, G. Amk., J2p l^so, fig- l* facing p. iSo. ftcdniwii by F. K, Hare* Arcticy 6p 
1953 * P- 59^ 

vegetation at that time in eastern Europe, H, Poser^^ has marked out 
the climatic provinces for the whole of Europe and J. Budel^^J^ has esrtended 
these zones into the Mediterranean region (fig. 189). 

Interglacial plants, whose distribution is shown in the map^^ (fig. 19^), 
have been found in numerous localities, including Latiiia^^s and Estonia 
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and the Governments of Kaluga^ Minsk, Smolensk and Grodno^ Those at 
GrodnOj Szezcrcowa^ Kraslavap Duna, Deseln and I^^ningrad arc mostly 
referable to the last iiitergl 3 cia]»^^ whose flora embraces more than 25 species 
of moss and 125 species of flowering plants^ including the water-plants 
Braseftia purpurea, Trapa nutans, Naias matma and N. fisjeilis^ and indicates a 
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Fia. igg.—Datriburici of the l«:mliri« of the Pldito«ne in 

European Riu&ui. W. N. Sukatsehew, 14S. p. y#. 


temperature higher than that of the postglaciaJ dimatic optimum The 
Klebrat.^ pl^t bed of Likhvm south of Kaluga (see above) belongs to the 
Mindcl-Risa^; it records_a climatic change from cold hack to cold throueh 
a moister and warmer period (though in only one instance is an mtorebcid 
deposit known with an archc tundra containing Befula nana 4 <») Different 
workers have refemd thin hor^n to each of the three recog^iised inter- 
g^d epochs. The Pa/MdfM hon^n ,s found in Poland and below the 
boulder sands of the Dnieper lobe m the Ukraine and in other nlaces 
provuig that as in Germany the mass occurrence of Paluditm diluvtaiia 

essential feature of the antepenultimate interglacial(see p. 94J9). 
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Few interglacml IfKalities are known from eastern Russia'^^ ^nd the sole 
deposit in Poland belonging to the oldest interglacial that has been examined 
occurs at Hamarnia near Jaroslaw' (see p, 949). 

A PUocene florap"^^ with many Asian and North American typeSp has beeti 
discovered in the Voroiicsch region and in the Caspian area (Aktschagyd 
Beds). 

On the Avhole it \vouId appear that at least three glacJationa hSive been 
demonstrated by interglacial hori^sons^ and by three loess hori:jons in the 
blackoarth region 

Bore^ transgression^ A marine transgression, familiar to early geo¬ 
logists'**^ from its clays around the White Sea and along the Murman Coast, 
is now known to have affected the coastal areas^ estuaries and lewder parts of 
the valleys of w ide regions(fig. 191). It submerged the north coast of the 
Old World**®^ and the off-lying islands^***^ including the New Siberian Islands 
and Severnaya Zemlya and the islands north-cast of Novaya ZemJya. It 
inundated the Petschora and liman regionSp surrounded the Byrranga 
Plateau in the I’aimyr Peninsula as an islandp covered all the Jamal Peninsula 
and parts of the Gy dan Peninsula, and flooded the valleys of the Lena and the 
Yenisei to 67" 31' N.p the Dw ina to 6^^ N.p the Petschora to 65“ N.p and the 
Lower Ob to 61'' N. On the east, it covered a coastal strip in north-east 
Asia including the east coast,’**® e.g. die coasts of the Sea of Okhotsk and the 
Bering Sea, converting Sakhalin into an archipelago of small hilly islands,* 
but avoiding Kamchatka,On the west it reached the Kola Peninsulap'*^^ 
Lake Onega and the Dwina’* 1 -* (including the Waga), probably joining the 
Baltic"*'^ or Femian Sea over Leningrad w'here Yoldia Clays are associated 
with freshwater bed^ containing diatoms"*^^^^—Fennoscandta was then an 
island—and may have extended to Vel fjord and the Tromsd area w here (at 
4Z m 0 ,D.) interglacial littoral molluscs (iMya Littorim rudis) in iitti 

have been found."^*® On the south it may have submerged the w^atershed 
north of the Caspian Sea^^^ (though there is no proof of this; see p. 1132) and 
have spread into Lake BaikaL'^^o 

Its later part, the Portlandia passed over the Careiian isthmus into 

the Gulf of F'inland,^ spread through the Baltic to Mocn and Rugen,"^^ and 
the celebrated Elbing Yoldia Clay (see p. 946). Pebbles and boulders of a 
clay containing marine diatoms in an os at Rouhiala'*-^ outside the SaL 
pausselka in south-east Finland belong here. They indicate an open, 
relatively deep and cold sea, though pollen grains of C^rpmus, Befulu, Pmus 
and Coryius imply a maritime climate, probably more favourable than the 
postglacial climatic optimijm (see p. 1493). In all probability they belong to 
the later part of the succession represented at Alga near Leningrad"*^"* w’hich 
has the whole development of the last interglactal, viz. two cold (but not 
tundra) periods parted by a warm period. The age of the Mga beds, however^ 
is not certainly known—they have been placed in the Mindel-Riss, Riss- 
Wurm and (with less likeliho^) in the Wiiirm interstadiaJ^ A similar inter¬ 
glacial, w ith early and late colder and more shallow' phases^ is knoivn from the 
White Sea basin.^^ 

This Boreal sea, which corresponds to the ""White Sea transgression'* of 
K. A. Wollosowitsch and (as Munthe"*^^ and otherssurmised) to the 
Skaenimhede Series, was colder in the east than in the south Baltic. It was 
separated from the warm Eemian Sea both in Denmark and north Russia by 
an advance of the ice wdth a subarctic flora ,'*28 the advance being the Warthc 
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or (better^riic Brandenburg phasc.^s Ita height m the north Baltic region 
probably about 100 * 

The sea was deeper than the kteglacial sea in the same aica^Ji; it sub¬ 
merged Finland to 185 m, the Dwna to So m, Sakhalin to leo m Taimvr 

Lan d and Severnaya Zemlya to 60-100 m and Novava Zcmlva to acorn ^ 
Its days, now dissected and exp^d in the valle >4 that fall into ?he WTiite 
and Arctic Ocean, are 76 m thick at Archangel and enclose a warmer fauna 
than these seas have to-day ^ 32 ; includes Cardium eduU, Mactr^t ei^ptica 


Fig. Map of the Butcal tnuuftre^ion, limnic d^rw^Bira, ieoEian dcpo»iU and glaciated 

rvgiaiu in north Aiin. W. A, Obruudnew, iJ3i, p|. lo. 
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and Astarte ^ul£atil ^i hich no longer Jive on the north Russian coasts. The 
sea was open and ice-freCj though gbciers may have entered it in the Taimyr 
Peninsula."^^^ During the cyde^ tiie dimate passed from arctic to bored and 
back again to arcticwhile the Umnic, fltiviatile and terrestrial nature of the 
uppermuat intermoramic layers, with their plants and freshwater moIluac$^ 
found for example in tlie low'cr Dvviria and Leningrad area* prove that the 
sea had retreated before the ice began to advance .-*35 Relics of the trans¬ 
gression are the Yoldm aretica fauna of the White Sea according to N. 
Knipowitch (cf. p. 1414) and the halophytes, Artemis^m 
Since the clav^ everywhere rest on an older drift, as T. Tschcrhyschcw^-*^^ 
early noticed, they were thought to be the equivalent of the lateglaciai Yoldia 
Clays, though Murchison showed as early as 1845 that sands^ gravels and 
erratics cover them. They are indeed overlain by boulder-day or ""marine 
moraines*' (with shells) and are plainly interglacia ].**39 Xhis fact, first 
recognised by De Gecr,-*^® has been demonstrated for the Kola and Kanin 
peninsulas, for the lower Dwina, lower Ob, lower Petschora, Severnaya 
Zcmiya, New' Siberian Islands and at Ingria on the Riisso-Finnish frontier. 
The overlying morainea in the Leningrad area are dark grey w ith organic 
matter from the inicrglacial deposits and contain erratics of Faludwa 
iirciira.'^^ Nevertheless, some, re-affinning that the trangression was pmt- 
glacial,^^ allege that the upper boulder-cIay is not a true till but, as its 
structure and marine fauna imply, a product of drift-ice* Others recognise 
two transgressions, corresponding to the MindcLRiss and Riss-Wurm inter- 
gbeiab*^^ or to the beginning ajid dose of the latter.^-w 

In Siberia, the number and extent of the glacial epochs are still very un¬ 
certain and the age of the intcrgladal beds w ith plants and mammoth remains 
between the ice-hyers (see p* 650) in the New' Siberian l$!ands is still to be 
determined. Russian geologists usually regard the main Interglacial as 
Ri^-Wumr, The succession has recently been given as folloivs"*^^: Gunz- 
Mindel, fauna of Ischim (?); Mindel glaciation, 100 m terrace of the Angara 
and Yenisei valley's and the sands of Paw'Iodar with Elmmotkerium sp, ^ 
Mindel-Riss, upper terraoc of I^chim with Ake lati/rofis^ Ekphm ■ Riss 
glaciation of Golez Mountains, Altai and Sajan, union of Urd glaciers and 
North Siberian ice (from No^-aya Zemlya and Taimyr) on the west Siberian 
plains south of 60® N. Lat., with a chain of glacier-lakes to the south draining 
by the Turgai depression into the Aralo-Caspian Sea (sc-e p. 1131); Riss- 
Wiirm, Boreal transgression; Wurm glaciation, local glaciers in mountains 
with mammoth fauna—the lowlands w'crc ice-free. The two extensive 
glaciations, represented by t^vo drifts and by lenses of fossil 10^1 have to the 
south of them and of 58-60^ N. Lat. tw'o loess horizons w ith a cold fauna,"^ 
One reconstruction is showm in the text-figure (fig. 192) which should be 
compared w^ilh figs. 131, 132 and 133. 
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Fic. of Siberia: eontinuouii line, outer Limit of Lust Riacintion: dot-daih line. ILmit nf maximum Hludatiou; dn»h-ltne. outer limit of ia: i 

ej»l bibenii (bkc undetenntned); arrowE, storm tmekt of to-day. R. A, FLnt & M. G. Dortey, jrj, pi. [ (opp. p, 106). 
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Fennosciindia 

Interglacial Dccurrences^ Jjitergbcial deposits in Fennoscandja are 
scarcely to be expected: the positioii central and the seat of maximum 
ice-erosion. Nevertheless, interglacial stream courses in the bottom of 
U-valleys have been recognised,marine caves of interglacial age have 
been discovered,’*^® and two or three glaciations have been postulated 
E. Ljungner‘*50 recognised (i) an older cirque glaciation (submartne cirques) in 
coastal mountains north of the Arctic Circle^ (2) a stage of western or 
Atlantic icesheet iivith an iceshed to the w^est of the w'atcrshed^ (3) a conti- 
tinental glaciation with the iceshed to the east of the watershed—during the 
passage from stage (2) to stage (3) striae were turned clockwise from north¬ 
west to north and north-east and finally to south-east. The later glaciation 
also began with a mountain phase, 

L. Holmstr5m^^l was led to the idea of bipartition by discovering fresh¬ 
water species betw^een bouldcr-clays at Kl%enjp,i though G. Erdmann 
considered their significance to be local, G. De Geer,^^^ however, was the 
principal exponent of Scandinavia’s glaciation by two icesheets (Hansen’s 

deuteroglacial and "proteroglacial though he arrived at hi$ con¬ 

clusions chiefly from the erratics in the drifts. 

The modern view of bipaititlon for the peninsula—the two glaciations are 
usually termed the great*’ and the *Mast"^—rests on the distribution of 
mammoth remains and of fossiliferous layers between the drifts. Mammoth 
bones, teeth or tusks, belonging probably to Etephasprimigeniu$ ^iherkuSf have 
now been found in eleven localities in Scandinavian's—ttvo new' mammoth 
finds^ with pollen of Pinus^ Almis, Betuh, etc., have recently been dis¬ 
covered in Angermanland'^^®—and in seven localities in Finland(fig. 193)^ 
Two of the places, namely, Frdso and Vagre (Dovre), are practically on the 
Pleistocene iceshedn Vertebrae of musk ox*^® have also been discovered 
south of Trondheim and at other places in Norway and at Bohuslan. Lemmus 
iemmvs was also a member of this interglacial fauna.'^^^ 

VlTiile monoglacialists regard these animals as pregladal'^ and P. A+ 
0 ycn*^^ makes them postglacial, the musk ox in his opinion surviving into 
the Myiiiuy and the mammoth into the Portkndki epoch (J. E. Rosberg'*^^ 
thought the Finland mammoth was later than the Salpaussclka) most geo¬ 
logists'^^ place them in an interglacial epoch, eirher the Mindel-Riss'*^ or 
the Rjss-Wurm .^5 Mammoth, for example, did not range backward into 
prcglacial time (see ch. XXXIV) and the lateglacial submergence rules out a 
postglacial survival in some loc^ities."^ 

The interglacial fossiliferous deposits, which are generally absent from 
Scandinavia because of the severer erosion in this regioii,'*^^ include^ among 
a number of Nonvegian and other occurrences,*^® the Lomma clays^ of 
Scania which rest on the chalk, though a lateglacial or pos^lacia] date^^o has 
been assigned to them. The>^ also comprise beds \vith a rich flora and fauna 
at Robertsda]"*^^*; freshwater ci-7--3-o m thick* which is covered by 

^■5-5-0 m of botilder-clay at HemSsand*^^ near the iceshed at 5 m A.S.L. 
and contains freshwater diatoms, mosses and phanerogams, and insects* now 
almost all extinct, signifying a somewhat warmer climate than now (also 
referred to preglacialor postglacialtimes); beds with temperate plants, 
suggestive of a \varmer climate, discovered in Vaste rgotland'*^^ or found under 
boulder-clay (possibly slippedat Bolln^ near the iceshed in south 
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Noirtand at 96 mud with remains of insects, lacustrine diatoms and 

pollen of Belula., Pitius and Picea near Ldngsele in Angemianland^^*; beds 
with insects in other places'*"^; marine clays with iMacoma calcareat Cardium 
fasciatuitt, Mytilus edule and Abra lottgicallis^ found beneath moraines 3 iti 
thick 4 *<>; shelly clays below moraines at Slinningen near Ahlcsund'**! which 
have been attributed to creep^^; sands and clays with worm tracks, snails, 



Fic. i93.-Di*^b>jdor flf irierakcal dcpt^i* .nd mainmoih 1 

R Sandesron, iVoAir i Angmiumiand och Medtlpad. Uppwll, 1^3 


naiiQ^ndia. 


plants <polJcn of ftma, Futa and Betula), and fish at 400 m in jamtiand 
overjun by mor^nes with * ^moth tusk; an interglacial horiaon near 
Rouhiala m south-^t Finland^ (s« p. 959) an interglacial shore-line 
at 200 m in west Fmnmark«S; ^ibly, varve clay? below gi^S- 
moraine, 30 m thick, at Hantula m south Finland* 4*6 
These fossiiiferous deposits are mostly of uncertain aiw j u 

.« il>tc«Mdial ,«7 IS slijUited for Toro«."wlISs^d h”'- 
G. Braun *“ sjld dtmonstnteil for the Bergen <li8tnct«> where tS S'oveo^ 
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rode shelly deposits of ^ boreo-arcEic cliajacter. Boreal species sandwiched 
bet^veen morainic drifts in Finland may be interglacial or related to sUglit 
adTriinces on to a glacial tundra.^®^ Double ground-moraines have also been 
correlated tvith separate gkciations.^^ 

Extinct insects, discovered at Alnarp {see pn 281) with vegetable matter con¬ 
sisting of Tertiary and arctic plants (Beiula no/in, Saiix pohris^ S. reticulata) 
and molluscSj are referred by some to a prcglacial “ amberriver or late, by 
others (and more probably) to an intcrstadial'*^^ intcrg;kcial 
The Lyngby culture (seep. S78) has been put in the last interglacial epoch.^^ 

Although, as has been said,^®^ no mild climate has yet been proved for 
Scania or any other interglacial bed of irreproachable character from any 
place nearer to the ice-divide than Jutland, recent research, including the 
definite discovery of mammoth and reindeer remains below the ground- 
moraine of the last glaciation,-*^ tends to confirm the belief in at least one 
Fennoscandian interglacial epcx!h. 

OverviItfrings hypothesis. R. Semander^^^ in 1896 suggested that a 
part of Scandinavia’sj5V///?orfl might have lived through the last glaciation in 
ice-free areas in Norway, and A. M. Hansenin 1904 thought a stretch of 
Norw^ay's west and north-west coast had floral refuges during the last glacia¬ 
tion — A, Blytt^^ had suggested in 1S93 that the Greenland-American floral 
element was the oldest in the country, This theory of “hibernation" or 
“ over-wintering ” (d^ermniring)^ i.e. the persistence of plants, animals and 
man from the last interglacial in Fennoscandia, has found much support. 
It rests upon a variety of evidence, including the folloAving; unglaciated lands, 
e.g« Mageroya^ occur off north Norway^ i intensely weathered and frost- 
shattered tinds are found in west Norw'ay^ e.g. Romsdaihom, Trolltindeue 
and V’enjetindene; certain areas in Finnmaik^ Vestcrdlen, Tromsd region, in¬ 
cluding VarangcT Peninsula, Duksfjell, Porsangerfjord and Altafjord districts 
and in south Norvs'ay, were ice-free during the last giaciadoti^l (eh p. 1171); 
marine deposits with temperate molluscs underlie moraines of the fjord 
glaciation (Fjordtida) in several places in Norway,Jacren, Kamidy, 
\lore and *rromsd, and temperate plants are found in similar circum- 
stanccs^^^* certain strandlines in north Norway (lettered hop by V, Tanner) 
preceded the lateglacial or postglacial features warm littoral shells, 

e.g. Venus casifia, deemed to be inteiglacial,^®^ are dredged from iSo m off 
west Norway. 

Most emphasis, however^ has been placed on Norway's remarkable 
fiora^^ which, it is said, survived from the last interglacial^0^ with insects 
and other forms. It contains species w^hose nearest living relative are in 
Tyrol, Riesengebirge (c,g- Hietacium tubuhsum), east Carpathians (e.g. 
Taraxacum rek/ienbachi}, east Siberia (e.g. Hitracium kitusamoense) or North 
America (e.g. Poa cacspttans\ and is now- cither "bicentric^*, being restricted 
in Nonvay to an area near Stavanger about Dovre and Jotunheim (“ Ilex 
flora** 5 ®®) and to a second region north-cast of Tromsd towards east Finn mark, 
or confined to one or other of these regions—^the "‘northern unicentric*' or 
"southern uniccntric" forms (fig. 194). Some of the biccntric species and 
species groups, e.g, Arenaria and Papat}er^ have undergone some taxonomic 
differentiation. The rich ** Hieracium flora”, with Rhododendr^ lapponicum, 
Arenaria humifusa, Braya purpuras fens, Scirpus pimiluSr Artemisia norv^ca 
and Papaver radicatum^ is also concerned. Besides the arctic, the olpines and 
sub-orctica survived^ — the ice in Fennoscandia, north of the Salpausselkas, 
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lacked a margina] tundrasio (see p. 1411). Even tKe “Atlantic'* plants and 
the Norwegian spruce {Picea afaej) were thought to have persisted.^> 1 though 
this IS improbable—thej' migrated postglacially«^^^ 

were more hesitant: the first to advocate this view was 
L. Stejncger^iJ who was followed by J. S. Schneidcr.5i4 Confirmation was 
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farther south) retained his palaeolithic stamp, although the sites themselves, 
m in north Fennoscandia, are later th^ the Portlandia transgression (see 
P- *^79)- 

Life according to this view survived in two different parts of the Norwegian 
coast and migrated postglacially from the$c refuges to the high mountains 
behind the coast. The position of the two sanctuaries is connected with the 
convexity of the coasts—the ice-streams from the interior were able to spread 
and break up into lobes^^^—or with the steepness of the coasts and the 
proximity to it of high mountains which served as nunataks,^^® 

All this evidence, it is held, is only reconcilable with a sur\^ival of life during 
the last glaciation (or penultimate glaciationin asylums {^^ervmtrings- 
centra)^ either iii ntu on nunataks and fells or on a coastal foreland—here 
diatoms may have sur^nved^^O—which a lowering of sea-level by 100-125 rn, 
as proved for Varanger,^^^ converted into dry land. 

The case for the survival of the alpine species is admittedly strong. For 
the rest it is less certain since disjunctions do not require survival for their 
explanation i there is no direct fossil evidence of the climate in w'cst Norway 
at that time—the low'est spectra from Jaeren give a complete dominance 
of Salix herhaceti^^ (80-90%); and the gap between the tw'o centres of high 
mountains is one of a relatively oceanic climate where the ice broke up at the 
beginning of Finiglacial time (see p. 1523). Fossil material alone will provide 
absolute proof. 


7- North Americfi 

Glacial epochs. The North American drifta, long deemed^ e,gH by J- D- 
Dana, to be the produce of one advance and one retreat, ivere afterwards and 
especially during the "eighties” of the last century ascribed to a First and 
Second glaciation. Early evidence of duality^ gathered on the southern 
borders of the Xeetvatin and Labradorean ice-sheets in Wbeonsin, Iowa, 
Illinois and Indiana or in the Mississippi basin, consisted of few and frag¬ 
mentary layers of peat and the topographical contrast of the two drifts (ace 
p. S9S). Aa atudies progressed, it became evident that the top drift in the 
extra-morainic region diapbyed numerous contrasts m the degree of erosion 
and weathering which Avere inconsistent with its reference to a single glacia¬ 
tion. Investigations led to the adoption of three, four or even five glacial 
epochs. Emphaais waa laid on the importance of the weathered sands and 
gravels between the drifts and of gumbotik Avhich Iowan geologists 
deemed the supreme means of distinguishing the successive driftsn^^ Gum- 
botil is a grey to dark-coloured, sticky clay w^hich breaks Avith starch-like or 
polyhedral forms when wet but Ls very^ hard and tenacious when dry. Its 
thoroughly leached, oxidised and non-bmiuated or stratified condition b a 
sign of prolonged A%eathering, though Avind acting pari pa^m and extremely 
slowly may have played a part^^^s Indeed the gumbotils have often been 
regarded as locsaes.^^e 

For long, the succession was generally thought to consist of five glaciations 
(Nebraskan, Kansan, Illinoian, loAvan and Wisconsin), separated by four 
interglacials (Aftonian, Yarmouth, Sangamon and Peqrian), The current 
classification of the glacial deposits in the Mbsissippi valley region, the 
Standard succession in North AnAerica and possibly of the Avorld — the Alpine 
glaciation in this respect suffers from being a mountain glaciation and the 
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north German glaciation because its drifts are thinner and less viidely spaced, 
its weathered zones are less clayey and its out wash (w'ilh a northerly drainage) 
is less developed —h as follows: 
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The glaciations were named from the States in which the deposits are well 
exposed. As i ntroduecd by Chambcrl in (Kansan, Wisconsin), Leverett 

(Illinoian) and B. Shimek^^^* (Nebraskan), they represent the earliest appli¬ 
cation of geographical names to the successive glacial stages, Chamberlin 
and Leverett created the interglacial terminology from type localities in 
the same region. 

All five (counting the Iowan) glacial stages are represented in Iowa where 
many workers, including W. j. McGee, T. C. Chamberlin, F. Leverett and 
S. Calvin investigated the succession. Thorough studies have more recently 
shown *32 that the State was invaded five times by ice-margins and have 
mapped the several drifts,**^ 

West of the Mississippi, the Nebraskan drift of the Iowan geologists * 3 ^ 
(this is equivalent to Chamberlin’s Pre-Kansan and Subaftonian and probably 
to the Albertan of south-west Alberta*35 and the Jerseyan of the States cast 
of the Alleghanics***) comes out from under the later drifts in east Nebraska 
and in south-west Iowa where it fiUs the pr^lacial valleys to a considerable 
thickness and is oxidised to a depth of 30-40 ft 12 m). This drift has been 
thought to erneige to become the surface drift in places in Missouri, Kan s as 
and Wisconsin. Generally, however, and possibly always, it i$ hidden 
beneath the more extensive drift that followed it, A hard till in the Swan 
River, Manitoba, **7 may belong to this glaciation or to thesucceeding Kansan. 

The Kansan drift is much more extensive and continues from Iowa into 
the adjacent parts of Kansas and Missouri and into east Nebraska, West of 
the Mississippi and in Pennsylvania and New Jersey it was mote widespread 
than the later drifts: in Illinois, Indiana and Ohio it was less $0. Later 
streams have largely destroyed it, remnants of an average thickness of about 
4® ft (c. 12 m) being preserved on narrow tabular divides occupying 10—toV 
of the origii^ plain.*** An old drift below the IlUnoian drift of Illinois and 
Indiana which emerges from beneath the Wisconsin drift in Pennsylvania 
and New Jersey may also be Kansan,*^ The Nebraskan and Kansan drifts 
though differing locally, are in general very similar in colour, texture and 
composition and in their state of weathering and erosion. In many nlaces 
they arc only distinguishable by their relations to the interglacbl soils’ 
gumbotils and of weathering. ® 

The Illinoian drift marks the maximum of the Labradorean ice in the 
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Mississippi basin though east of Ohio it appears to underlie later drifts. 
Lcvereit+^^ Vrho first recognised the separate existence of this drift, traced 
its boundary through Illinois^ where the drift is best developed ^d the Iowan 
is missinginto Iowa and Missouri. It spreads on to the Kanspi just as 
the later Iowan overlapped both the Illinoian and Kansan. The Illinoian ice 
flowed first into Illinois and south-east Iowa ^d later through Lake Michigan 
basin over east Illinois and west Indianap its culmination in Ohiop Penn¬ 
sylvania and New Jersey synchronising witli its recession in wpt Illinois. A 
continuous moraine^ lobate in outline and very prominent in some places 
(= Buffalo Hart Moraine), divides the drift into earlier and later subs^ges.^- 
In recent years the drift has been found west of the Mississippi River not 
merely in oouth-east Iowa but also in South Dakota and Minnesota. 

The Iowan drift (the name was transferred from Iowa's most conspicuous 
drift to a thin drift later differentiated^ 3 ) occurs west of the Driftless Area 
(see p. 727)* It contrasts markedly with other drifts in its thinness^ its dis¬ 
tribution in interstTeam areaSp its loess relationships, its burden of enorrnous 
and prominent granite erratics and in the sinuosities of its borden^ t he 
eastern boundary of the ice at this time is unknown—the Rocikonkoma-Capc 
Cod Tnorainic system has been placed wathin it.^^ Doubts first raised by 
Leverett in 1909^'^ as to whether enough evidence exists to warrant the 
continued existence of this glaciation and of the Peorian interglacial, ad- 
niinedly the shortest of the American interglacial epochs,ipve bc^n 
expressed from time to time. The place and rank of the glaciation in the 
succession are in dispute, especially its relation to the lUinoian.^ Iowan 
geologists 548 have frequently stated the main evidence favouring its identi^; 
the l^veland loess 54 ^ b widespread between the Illinoian and Iowan drifts 
and the Iowan drift has no gumbotil but possesses a topography less altered 
than the Illinoian. Uverettp^so however, denira the existence of a post- 
lllinoian and pre-Peorian loess and thinks ccnditions w^re not favourable to 
a gumbotil. He thinks* therefore, that the low-an is the dying-out phase of 
the Illinoian glaciation (see below). Its separate existence is now generally 
rejected p 531 especially by those w’ho are influenced by studies in Europe 
where only four glaciations arc generally recognised (see above). It has been 
placed in the middle of an interglacial epoch,^^^ Feorian being relegated to 
the rank of an interstadial, or interpreted as the Keewatin equivalent of the 
Labradorean drift. 

Recent research suggests that since no distinction can be dravvn between 
the Peorian and Wisconsin (Tazewell) loess (outside the Wisconsin driftp the 
Iowan and Tazew'cH loess form the Feoriaji)^ the low^an drift itself should be 
placed in ibe opening phase of the Wisconsin seriest^^"^ a phase of the com¬ 
bined Cordillenui and Keewatin ice-shocts. 1 his conclusionp which 
Leverett^SJ accepted and has been adopted since t 9+3 United States 

Geological Surx'^ev, is strengthened by the fact that wWle the lovs'an ha^ one 
loess above it the Illiitoian has two^ and by the apparent agreement of the 
Iowan and ’Wisconsin drifts in their composition, texpjre and compactness: 
the Iowan drift was overlain by Peorian loess before it was leached and tltis 
loess in Illinois was in turn covered by “Early Wisconsin” drift before it was 
weathered. The combined glaciation has been styled the Eldoran^^s and 
subdivided in the standard region of the central United States into Iowan, 
Tazewell (= Early Wisconsin), Cary (= Middle Wisconsin) and Man- 
kato 5 S 7 (^ Late Wisconsin), In South Dakota and Iowa the four substagea 
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of the Wisconsin are separated from each other by thin sheets of Ickcss^ the 
loess between the first and second and between the third and fonrth being 
ver^" thin and ynweathered while that between the second and third is thicker 
and weathered. Hence the Iowan and Tazewell are closely related in time 
and the Cary and Mankato arc a second closely related pair. 5^9 A very late 
Pleistocene loesSp the Bignell loess^ has recently been distinguished in 
Nebraska it is placed in the Mankato substage. 

The Wisconsin driftSp distinguished by youthful topography and fresh, 
almost unweathered surfaces and by festooned end-moraines Avhich reflect 
the great southern lobes of the ice, are naturally the most w^i despread at the 
surface, extending from the Pacific to the Atlantic, and to the Arctic islands 
of north Canada where the boundar}^ bordered by loess^ is only imperfectly 
knowTi.^ They conceal most of the earlier drifts from Minnesota through 
eastern Dakota and eastwards into the Canadian provinces as Avell as over the 
Lake states, through New York and Netv England and over the glaciated area 
of Canada. Named by T, C* Chamberlinin 1894 “East Wisconsin” and 
one year later “ Wisconsin ”, they were divided into ^rly and Later Wisconsin 
phases ^*2 on the strength of slight differences in weathering, the channelled 
surface of the earlier drift, discordant moraines^ and the occurrence of thin 
loess sheets and thin soils and peats between tills. Early^ Middle and Wis¬ 
consin substages were later distinguishedj^f^^ each marking a considerable 
advance following an intensifying of glacial conditions and the shifting that 
attended the greater nourishment of the ice on its western side. Subse¬ 
quently, these rcadvancea were named the Tazewell, Cary and Mankato 
substages, the Iowan being relegated to a first stage, or they were numbered 
simply first, second, third and fourth stages. As both the Tazetvell drift 
and its overlying lo^s art much thicker than the Iowan drift and loess, the 
loAvan advance may have been a relatively short-lived phase of a longer but 
less extensive maximum of Tazewell age. The lotsan was the Wisconsin 
maximum in South Dakota and Iowa but the Tazewell (Early Wisconsin, 
original Wisconsin) w'as the maximum in Indiana, Ohio and lllinob, e.g. the 
Green River Lobe. 

The sequence of the lateglacial events was therefore as follows: 

Mankato substage 
Tw^o Creeks interval 
Car>^ substage 
Brady interval 
Tazewell substage 

During the Brady interval the Tazewell ice receded at least 350 miles 
(r. 5&0 km) to beyond the Strait of Mackinac (between Lake Michigan and 
Lake Huron) and north of the Great Lakes i the drainage patterns and topo¬ 
graphy Avere altered and the TazeAvell loess was weathered (Brady Soil). 

Subsequently, a readvance of the ice of at least 275 miles (c. 440 km) 
carried the ice to its outermost limits in Wisconsin and into the states east of 
Lake Eric where it closed the drainage to form Lake Warren which dis 
charged AA cst^ards. This Car>' drift (of “ Red ice Avhich includes abundant 
end-momines. many of them the product of readvances, c.g. the massive 
Valparaiso Moraine south of Lake Michigan, is most extensive in a broad belt 
spreading through Wisconsin, -Michigan and north Ohio. 
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The withdrawal of the ice aiofig its whole front from the Atlantic (see 
below) to Minnesota and north of the Strait of Mackinac and the upper St, 
Lawrence allowed the waters in the Michigan and Huron basins to drain 
eastw'ards (BowmanviHe low-w'ater lake-phase) and uncovered probably the 
North Bay-Ottawa and Trent River outlets, thereby causing Lake Whittlesey 



FiC- 195,—Dugiums showing the cKtent of Uic ice diirbtj^ the Cajy and VflJdm substages 
and the T’ko Ctttki interstadwl. R, C. Murray, J. 5 . iji, igsJi P ijo. nS- 3 ^ 
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to disappear^ the sea to enter the lower St. Lawrence Valley (see p. 1309) and 
the lake in the Erie basin to discharge by the St, David's (now drift-filled) 
gorge which in its upper part was re-occupied by the River Niagara in 
Mankato time. 

The Two Creeks Forest Bed^ was formed during this withdratval. The 
horizon probably cAtended from the tt'pe locality north of Milwaukee to near 
Port Stanley, Ontario, to 230 miles (r. 400 km) north of Toronto, and to 
no miles (r. iSo km) downstream from Montreal, The vegetation consisted 
of birdi, hemlock, pine, spruce, fir and oak, with some elm, lime, beech and 
alder. This interval is represented by a subarctic forest in Wisconsin, by a 
low^-w'ater phase in the Lake Michigan basin (see p. 473) and possibly by 
marine beds, since covered by till in the St. Laivrencc valley. 

In early Mankato time, the ice south of Hudson Bay became dominant— 
“Patrician glaciation" (due possibly to a northerly shift of the Aleutian 
Lovr 367 )_and moved more pronouncedly southwards so that it extended into 
regions east of central Ohio which had not previously been covered and 
simultaneously shrank back in Illinois, Indiana and south-west Ohio. This 
movement culminated south of the St. Lawrence and cast of New York, the 
ice overriding mountains which in Early Wisconsin time had had local glaciers 
only and presenting a sea-w'al I along the coast and bu rying Anticosti . 56 * 'fhe 
Mankato drift, which has numerous taamve end-moraines, stretches from 
the Great Lakes region to the ,'\djrondacks in New York and the Shickshock 
^lountains south of the St. LawTcnce River—the ice stood at Glen Falb 
where it dammed up Lake Albany and at St. Johnsbuiy where it impounded 
Connceticut Valley Lake, 

In late Mankato time, when the ice was prominent west and south-west of 
Hudson Bay, especially in Iowa and the Dakotas, the eastern ice hardy filled 
the Ontario, Huron and Superior basins. 

Current Opinion holds that the Wisconsin glacial stage was a twofold one, 
the major break occurring in llic Taacwell-Gary inter%’3l when, as we have 
seen, the Tazewell drift was eroded and the Tazewell loess w'as weathered 
(Brady Soil), though the Twtt Creeks Forest Bed (see above) belongs to the 
Car>'-!Mankato interval. 

The approximate borders of die various drifts^M (which will undoubtedly 
be modified when more fully investigated) in central and eastern North 
America arc represented in the text-figure (fig. 196). Those of the substages 
of the Wisconsin glaciation (often marked by diiTerenccs in the topographv 
and drainage and in the strike of the end-moraines 5 ™) for the same region 
are given in fig, 235a, p. 1178. The Jotvan was the ina.\imuiii of the Wis¬ 
consin glaciation in Iowa, the Tazewell in Illinois and Indiana—this has not 
been recognised west of the Mississippi. The various substages, though 
doubtless prment, had not until recently been definitelv identified in the 
east, 5 Tl where the relief is greater, the drifts are thinner and more permeable 
and the best evidence may be submerged beneath the sea. Nevertheless 
they have now been distinguished in the Cape Cod area^^^ and in other 
regions by the depth of leaching.S^i and in New York State.*74 Lo^ 

Island, the outer, Ronkonkoma Moraine is overlapped by the inner Harbor 
Hill Moraine and this in turn by a later rcadvancc. These outer moraines 
combine into a single moraine (of fowan-Tazewell age ?) which cro«..c 
Long Island to Staten Island. The three advances are also known from 
Cape Cod (see above) where the Ronkonkoma Moraine is represented in 
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Martha's Vineyard and Nantucket Islands. The Cary substage probably 
occurs at Boston^ continues westivards to south of the Catskllt Mountains and 
to near Olcon feast of Lake Erie) where it overlaps the lowan-Ta^well drifts. 

Two substages (Ta^jcwell and Cary ?) have been discovered in the Catskili 
Mountains 375 the various substages of the Wisconsin in South Dakota, 
western Iowa, south-west Minnesota and in various parts of Alaska.^^s 
W, H. Hobbs,377 in an aberrant and untenable view, has named the 
Nebraskan till of Iowa the Missourian and the Kansan the ** Iowan and has 
referred these and the later drifts of lown to ice isauing from the Adirondack- 
Catakill-Green Mountain highland. The various interglacial epochs (see 



Fifi 196. —The flpproxiiTLHie bordcra tjf the yntwat drift* in central and eastern Nesrth 
An^rnoi. R. F, Flint in Cnjiflgy, 1949, p. 44J, 


below) had no existence—the Buchanan and other gravels were outwrash 
sheets. 

Interglacial epochs. The first intcrgladal epoch, the Etonian of 
Iowa ,573 is represented by deposits in Iowa, Missouri, Nebraska, South 
Dakota, Minnesota, Wisconsin and Illinois and of long duration: valleys, 
200 or even 400-600 ft (60 m or i20“iBo m) deep, were cut during the 
interv al.^^^ li is characterised by widespread gumbotil of an average depth 
of 8-9 ft (2'5-3 m), by peats and deep soils, by lue$$ and stream-laid material, 
and by land and freshwater molluscs 380 of species found in the local river- 
systems of to-day* Its climate 38 ^ did not differ greatly from the present 
though studies of the mosses and other plants have led to the view that the 
climate was boreal or subarctic 3 *^^—thesOp hoi.vever, probably came from the 
end of the interglacial epoch. The plants 393 are pine, larch, spruce, fitp elm, 
oak, maple, poplar and balsam, and give a sequence with a middle term of oak 
between conifer horiEcns. The snails attest a rich land flora and the 
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TTiismm^ils include horse^ bison, camel, elephant {Eleph^s columbi, E. 
imper^t^), Mylodon hiirl&ni, Megahnyx teidet\ Urstis amerkmu^ and masto¬ 
don ts which roamed over the pl^s into Tca^as and to the Gulf of Mexico^ 
being found in Florida, Georgia, North Carolina and New Jersey* It i$ 
characterised by the association of Gigontoamelm, StegQttiastodon, Equus and 
M&mmuthiis^ Nannippuh R^jyfiihotherium and Eorophagus. The gap between 
this Blancan fauna and the Hemphillian is now bridged in part by tlie Saw^ 
Rock Canyon fauna (Hibbard, 

The Yarmouth interglacial, best known in eastern Iowa and south central 
JllinoiSp is 43 ft {13 m) thick at Yarmouth, low'a, the type locality. To judge 
from the depth and perfection of the weathering profiles, it was of great 
duration and the long^t American interglacial. Lepus iyhatictis and 
Mepkiiicns mephitic^ are the only animals it has yielded, though its plants, 
e.g. red cedar^ oak, grasses and sedges, and its molluscs suggest a climate for 
part of the time at least somewhat colder than the present.^*^ Beds in neigh¬ 
bouring States tentatively correlated with the Yarmouth interglacial—they 
overlie the Kansan till—bring the total number of species up to 124, of which 
12 are plants, 9^ molluscs and zo vertebrates (of which 14 are extinct). They 
appear to indicate a A^armer phase, not unlike tropical Mexico at present, with 
peccaries and tapirs, and a cool stage Avith haiiy^ elephant, rabbit, skunk, deer 
and buffalo, and with pine, tamarack and juniper. The molluscs in the mid- 
continental region, e.g. Kansas, show a more equitable climate. 

The Sangamon interglacial, to which may belong the Rancho b Brea 
beds^®^ (see p. 789) and the Saskatchewan G ravels (south Saskatchewan 
has two interglacial horizxjns ^^' 5 )—the name Sangamon was introduced by 
A, 11. Worthen^^—had an associated loess which extends over the Illinoian 
and Kansan drifts into unglaciatcd country and is named Loveland loess in 
Iowa and Nebraska and Sangamon loess in Illinois. It is associated with 
peats, dSatomaccous earthy insects, molluscs and mammals,^^! the latter knowTi 
in the main from caves and fissures in the Alleghany IMountains and from 
north Pennsylvania and north Alabama, and embracing horse, peccary, tapir, 
deer, antelope and sabre-tooth tiger. The plants arc mainly gymnosperms, 
among which spruce is conspicuous - they seem to denote a colder climate 
as do the in sects which are closely allied to (but not identical with) those 
found at Scarboro^ (see beloAv). The mammals from the Sangamon of 
Kansas, hoAvever, suggest Avarmer winters than 

The drift-filled valley's in the Finger Lakes region (see p* 283) may belong 
to this interglacial.The animals included mastodont, elephant^ horse, 
cameh beaver and sloth, though the Aftonian fauna” of S. CaJvin,^^ O. P. 
Hay 5^7 and B. Shimek^"^® is apparently latc-Pleistocene.^®^ 

Within the glaciated area, erosion has revealed interglacial beds round Lake 
Erie^ and the Finger Lakes*^* One of the most critical interglacial 
deposits in North America, and the first to be recogni$ed,^^ is ivithin this 
glaciated area at Toronto^^; with that of Moose River (see below) it presents 
the most decisive evidence of degladation on that continent Its beds 
continue as far as the Canadian shore of Lake Superior and Lake Ontario^ 
(fig. 197). An interglacial successor of the Laurentian River(see p. 286) 
laid them doAsm as a delta ft (58 m) thick, 2$ miles {t. 40 km) wide and 
100 sq. miles (r. 260 sq. km) in area in a deeper interglacial Lake Ontario" 
borings proving their existence along an old channel for 64 miles {c. 104 km)" 
The muds lack lime and are charged with weathered mica flakes derived from 
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deep interglacial weatheriiig> The surface of Lake Ontario ^^'as during the 
Don stage 6o ft (i8 m) higher than now and during the Scarboro' stage 90 ft 
(27 m) higher, owing possibly to warping in the area of the I'housand 
Isle.^os 

The low'er member, the Don beds, contains 41 species of freshwater 
mollusca, comprising 12 Unionidae and large Mississippi forms, and 38 species 
of trees which include paw*-paw, red cedar and osage orange, as well as maple. 
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FlO^ Ti97.~DistnlHitiDd of [tie Toroto and Moose River iotcrgl^ifll deposits. 
A. P. Coteman, ^ 99 , P- 


ash, oak, hickory, elm, sycamorep beech, grape vine and three extinct species— 
pieces of charco^ give evidence of a forest fire. The land animals included 
ground hog, deer, buffalop bear and giant beaver. 

The overlying Scarboro* beebhave 14 species of plants, with 31 genera and 
jz apecies of insects, all but two of them extinct^ Two of the extinct species 
occurred at Cleveland, Ohio^ and suggest connexions with the south-west and 
the Mississippi. 
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The flom and fauna of the Don beds denote a climale®<^ like that of Ohio 
or Pennsylvania and a temperature 4-5®C warmer. Icc even in the heart of 
Labrador is inconsistent with its organic life (see p. 917); seven of the trees 
do not naturally occur so far north and three of the unios arc no^v missing 
from the St. Lawrence drainage and are confined to the Ohio and IMississippi 
valleys. The Scarbo ro' stage had a colder climate than the present: there were 
no Mississippi unio« or wamier trees and the remains of willow, alder^ blue¬ 
berry and sedges may denote a climate like that of south Labrador^ though all 
of them grow in boggy places farther south than Scarboro\^’^ A striated 
mammotli bone just beneath the overlying till suggests a final cold stage. 

That this Interglacial epoch was of considerable length is indicated not 
only by the organisms but by streain-crosion, by varve clays—E. Antevs*^ 
counted 586 rarves—and by the slow epcirogenetic uplift which called the 
Jake into being. Its age is uncertain since direct correlations through 
continuous sections with the distant interglacial deposits in the Mississippi 
basin cannot be made. Accord!ngl>v h has been placed in the Sangamon,^ 
Yarmouthand even in the late Wisconsin,*Coleman^ who has at 
different times referred it to each of the four interglacial epochs^ finally 
equated it with the Yarmouth interglacial.*!^ litis early age is suggested by 
the great number of extinct species^ namely 75-80 out of 180. 

PcatSj brown to black, compact, fissile and open textured, with siit^ lignite 
and pieces of flattened stems and tree trunks, are distributed between two tills 
over an arcs, extending ic» miles (c. 160 km) in an east^west and 50 miles 
(e. So km) in a meridional direction as shown by sections in tlie valleys w^hich 
drain into James llay,*^^ including those of the Albany and Moose (fig. I97 )h 
M oss and wood associated with a boulder-pavement and two tills south of 
Nelson seemingly extend this Moose River intergladaJ hori 35 on 450 miles 
(720 km) to the south-west.*^^ Below the peat is a clay with molluscs of 
ponded water or quiet streams^ Mammoth and mastodont are also known 
from these beds, in one exposure, the underlying till is weathered to a 
depth of 2 ft {Cr 60 cm). 

The climate was not unlike the present, as ia evinced by the flora***; the 
tree trunks arc not more than 5 ft {1 *5 m) in diameter and the species arc few. 
They consist principally of Pkm^ with pines next in importance as to-day, 
and CarrfJe, Salix^ Equketum and Hypnum and Sphagfium moss. The pollen 
was chiefly of spruce with some pine and a very little birch and fir. 

This relatively short epoch* whose relation to other interglacial horizons 
caimot be ascertained—it may be Sangamon or interstadial (see p, 917)— 
was closed by a glaciadon which w'as heralded by an cxtraglacial lake. The 
advancing ice disturbed and removed some of the lacustrine clays, destroyed 
part of the interglacial deposits, and compressed the peat. 

Evidence of tliree ice-advances and of an intei^lacial (?) Lake .■\gassi^: (see 
p. 477) has been found, and an interglacial horiaon with plants and fresh¬ 
water molluscs has been discovered in Manitoba.*!* 

Eastern States. While each glaciation in the Mississippi basin, generally 
speaking, fell short of its predecessor so that older drifts emerge (fig; 196), in 
the New England States they were buried under later drifts as J, D. Dana*^ 
early recognised. For this reason, as well as because of the difficulties created 
by the greater relief, resUstaiit rocks and coastal position, geologists who 
worked in the east held to the monoglacial view long after their colleagues 
farther west had abandoned it. 
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Although fossiliferous marine cUySt warm sheila, beneath till had 
been early observed*!® and the complexities of the glacial succession in New 
England were recognised,*!* the first claim for plurality for the Atlantic strip 
was made in 1896“^^ on the basis of the stratified marine clays of east Massa¬ 
chusetts, c.g. Boston, where drutnlins rest upon them. The till of Ac 
Boston substage is overlain by Ac shelly clay of Ae Lexington substage with 
its drumlins.*-! Later workersemphasised the glacial diversity from 
Maine to Pennsylvania, distinguishing the several drifts by erosion planes, by 
differences in composition, by degrees of weathering, and by palaeontoLoglcai 
means, Jurtipfrus eomrfnun's, for example, has been found in glacial beds on 
Manhattan Island and marine warm-water species (sponges, diatoms, raAo- 
laria) in till at Cape Cod, at Sankaty Head, Nantucket, and in Ae Gardiner’s 

Clay of Long Island *23 Although this evi dcnce is perhaps not conclusi ve,* 2 '* 
Ae full glacial sequence of the middle of tlte continent has been demanded,*2S 
e.g. for Long Island and the Cape Cod district which were Ac limit of the 
various glaciations. Jerseyan (Kansan), ILlinoian and \Visconsin have been 
recognised in New Jersey'in Pennsylvania. *27 The Watch Hill moraine 
of Rhode Island (Harbor Hill moraine of Long Island) differs markedly from 
Ae moraine of Cape Cod and Martha’s Vineyard in its glacial topography and 
state of wqatliering.*2S 

Nova Scotia had one or two glaciations.*^* Newfoundland, except for the 
Long Range, was overwhelmed during the Kansan or Jersey^ glaciations 
but was less severely and extensively glaciated during WTisconsin time when 
the invaAng ice reached a height of looo ft (300 m) and only local glaciers 
existed above Ais levd .*30 The Magdalen Islands and south-east Labrador 
w'ere not overridden by the last ice-sheet * 3 ! and Baffin Land may have 
escaped this gtaclation .*32 A relict flora, w i A endemic species, persisted, it 
is said, Araughout the last glaciation on the Shickshock Mountains of Gaspe 
Peninsula, the I^ng Range of Newfoundland and Ae Tomgat Mountains of 
Labrador (sec p. i39^)‘ 

Interglacial submergence. Interglacial marine beds ,*33 contempo¬ 
raneous probably w'ith those in Ae New England States (see above}, wiA the 
Cape Mav Formation of New Jersey and Ae marine beds wiA warm shells 
of other .-itlantic States * 3 ^ (see p, lafio), with Ae Toronto and Moose River 
deposits *35 (see p. 974 ) or the Sangamon intergIacial,*3S have been found 
in the St. Lawrence and its tributary valleys in Quebec and east Ontario^, e.g. 
at Montreal, up to 500 ft (150 m) A-S.L. on Newfoundl^d, on the adjoining 
coast of Labrador and on the Arctic coastal plain. This interglacial Cham¬ 
plain Sea, the equivalent doubtless of the Boreal Sea of the Old World (see 
p. 959), waa warmer than the present sea since Mytitus edtilis is often found 
and oyaters lived at Montreal. Sugar maple, yellow birch, balsam and other 
poplars and 24 other plants grew on its shore. The sea had several species 
now extinct *37 and included Crustacea, sponges, insects, shell-fish and a white 
whale. It inundated Ae plains about Hudson Bay and James Bay.* 3 a aa 
marine shells in the uppermost till prove, and was deeper and more extensive 
than Ae lateglacial Champlain Sea. Ottawa Bay ivas 6go ft (aio m) above 
present sea-level to Judge from an indefinite old shore and 510 ft (i 55 m) from 
actual marine ahelb. 

Western States, In the Great Plains region (Dakotas to Alberta) only the 
Iowan, Tazewell and Cary aubstages are apparently developed *39 though the 
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been claimed.^ Farther west, the CordUlerm drifts have not 
yet been worked out. Notwithstanding statements to the contrary^*^^ tliere 
seems to be indubitable proof of bipartition (Admiralty and Vashon tills 
Separated by a period of weathering and trenching of valleys and by Puyallup 



FtC., iq®.—Cbaaification and oartickliDn of the Simtijiriiohical imita from 
vullc^' to the contmi Great J. a Fi^e ef 

iiiter:glacial beds with plants and marine 5 hells)-^ti]| tarher glacia] deposits 
have recently been discovered on Vancouver Isbnd.'i*! This bins 
hrst suggested by G. M. Dattvin,®« is established for Puget Sound for the 

area of the Fraser delta^ and for Vancouver. ' 

A big oscillation, which may have been interglacial O'amiouth). occurred in 
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Alaska *45 ; the earliest drift, viith its included stones, is thoroughly deeoin- 
posed; the silts were deeply thawed and eroded and there were burrowing 
rodents; logs of trees occurred north of Port Nome, east of Point Barrow and 
on Uerschel Island in the Beaufort Sea and in other places north of the present 
tree-limit; and the forests -were an almost exact counterpart of those in south¬ 
east Alasha to-day-^% hemlock and 30% spruce indicate that the climax 
conditions had been Mly attained as far inwards as the forest has been traced* 
trees were up to ^5 m long and 1-5 m in diameter. Horses and antelopes 
lived in interglacial Alaska. 

Corroborative evidence, like that from the Atlantic, has been procured 
from marine clays in California (sec p, 916); it shows that there was 
floristically and faunistically a subtropical climate here during some phases 
of the Pleistocene.*^*^ Bir^ and mammals in this State point to the same 
conclusion.**^ 

The Pleistocene deposits of the central Great Plains have been correlated 
by means of volcanic ash horizons, which provide good chronological markers, 
and by the associated moUusca*^® (fig. 198)—the eruption of Mount Mazama 
in Oregon, a chronological horizon of considerable importance, has been 
assigned dates ranging from 4000 to 13,000 years ago and by radiocarbon to 
about 6500 years ago.**^ 

Conclusions. Revie^ng the North . 4 .mcrican evidence, it seems that the 
continent experienced four glaciations u'ith three interglacial ep>oc^, one at 
least sufficiently long to be regarded as a time of complete deglaciation and ro 
justify the view that the Ice Age in North America was bipartite with nyin 
glaciations.^^ Not all four glaciations are known for each centre of radia¬ 
tion, though C. R. Keyes^' has bracketed the v-arious stages, some at present 
quite hypothetical, as follows: 


V^aahan 

Spobrnc 

Admiralty 

AJI>ertAll 


Kfmvfin Labrodomn 


KiLfi»an 

Adtphbm 

( h Nrbraslujn) 


Wisconatn. 
[ItinotHJi 
End I3 nan 
Jerseyan 


In a scheme that has not found favour, each glaciation with its succeeding 
interglacial has been united into a cyeie, the four cycles from below upw'ards 
being named the Grandian, Ottumwan, Centralian and Eldoran^s^: the terms 
are unnecessary and no reason exists for grouping the glacial and interglacial 
epochs in this way. 


S, Southern Hemisphere 

Very few interglacial deposits are known from South America.*^^ Pumice, 
diatomite, peat and molluscs have, however, been found between drifts in 
Argentina and have been correlated with the great inteiglacial.*^"* Out- 
wash, moraines, loess and the double level of the lakes on the plateaux 
demonstrate a double glaciation for the Andes (see p. 923} though four 
glaciations, the equivalent of the classic Alpine four, have recently been 
claimed and named the Vallinamanca, Colorado, Diamante and Atuel .*55 
South Georgia and East Africa had also a double glaciation (see p. 923), 

The evidence from Australasia is meagre. New South Wales had a double 
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glaciation (see p. 923) and Tasmania had an Icc-sheet phase (Malanna), a 
cirquc-glacier phase (^"oiande) and a mouritain-tam phase {Margaret) (see 
p. 921J, An interglacial Lignite in South Westland, New Z^and, contains 
spores of Nathafagus which indicate the prosdmitj' of beech forests.^^^ 

Antarctica has up to the present yielded no proof of an interglacial epoch. 
While such an epoch has been claimed for this region (see pp. 902, 918), it 
tvould appear at most to have been only a recession (see p, 679), though four 
glacial horizons have been discovered in the floor accumulations of Ross Sea 
(see p. gi8). 
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N. KiisthWfoivitstrh, Attn^ G. mn. mss. i, 18^, 10; W, Ssafer, J?, Ac, Pol, 1915, 277. 
367 606 Ah Ar^hEmBelski, 1922^ J. Frrmik & K, 1. Pii^h, Ana, 3 . G. Pal, 8, 193Z, i; 
W, Szaier, ibid, 5, 1928, zi; B, %''i5hnev5ky. 388 63S, ifij; N, Fiomw, 1926; 

A, Gedroitz; A. Gifmounskj, 1927; S. A, Jakowlev, 1926', W, J, Krokos, cf. P- M* 
1927, 33; W- D. Laskarcvr, cf. G, Zid, iS, 1922, 309; A, J, Nobokich, cf. ibid,\ C. F. 
MirEink, 1927; 1928; Guide Book Eccvrs, inf. C. Sod Sc, J, 1930, t; F, A. FravosUvlev 1 

D, Sobotcw, cf. Z. Gl, 15, 1927. 343, 369 i4St 59; ijoj. 63; A. F, I’avlaw, 1943. 
370 i6t5, 256; 1616, 13; S, v, Btibftoff, G, Rd. 41, 1930, 193. 37* CR. Ac. Sc, 
USSR. 2, 1934, 5w; l-i. Lynserahjiusen, Jat-cftia S, rsjfs, Gg. fib, 1934, 73S> 
372 Arm. S, G, Pol. g, 1938, i; B. Ac. Pol. Sc. LcUt, U, 1931,19; R, E^al4, id. j. S9B, 
i94Sj 19s■ 373 Klintaazewski, Atsa. S. G. Ped. 8, 1932, 227; J, Prcmik, ibid, 1 \ 

E. Schwcglcr, C. Min. 1944 B, 43. 374 B, Halicki, Acta G. Pol, i, 1950, 139 (lit.). 

37S W. Szafer. B. Ptd. Ac, Se. 1931, 19. 376 A. DreimonU, G, P. F. 71, 1949, 525 
Oit')' 377 '*■^1 37: I’’* Mirtink, 1928. 378 fjiff, 34; S16, 1448; j-joj, 22; 

2bi S. V. Bubnaff, G. fid. 21, 1930, 181, 189; V. Gromov, A. y, 3 , 243, 1945, 503, 
314; W. J, Krokos, 1927. 379 Cf. rSrj, 257, 260; W. N, Sachs, cf, Z. Gl. 24, 1936, 
343; Abh, mo. V. Bremen, sS, 1933, 247 (map). 380 /Sii, 403, 38* si6, 1449. 

382 is6f, 1303, bs (A. J, Moskvitin)! ibrj, 256, 261, 316; V, J, Krokos, ^uartar- 
periede, 3p i93 if >71 4> i93*. * ■ 3*3 Guide lik. Exam. sC. Soil Sc. Moscow, 1,1930, 

i, 384 rjoj <i), 73, 385 697, 136 (map); 1303 (5), 63, 88, 155 (lit.); CR. C. G. 
i933i 1395' 3*6 1303 (s)f 113 (Bl*)' 3*7 "lap; idll, fiR. 15, 3S8 67, 6g. 13; 
316, 1451; 943. 642; 946,19: 1615, 259 (map): t6i6, iS; K. Glinka; A. G, H6gbom, 
Ups, B, 14. 1917. pi' 14! N* Krischtafowitach, .irtn, G. ntiti. mss. t, 1896, to; G, F. 
MirCink, Ptiroda, 17, 1928, 683 (mss.); S. Nikitin. 389 13(3. 390 ;jo; 9/3, 636; 

1 * 5 : JhJOJ (i)j 4 *. 80; ^363 ,1 iB; Jbpj, IV (ntap); js, map; K, 13 . Glinka, . 4 ifn. 
G. mtM. mss, 5, 1901, 79; A, Missunp. Z. D. G. G. 54, 1902, 2^4: S. Wolloasowici, 

B, Sv, G. Pfd. 2, 1913, S6; Kosmos, 49, 1924, 225. 391 Erdk. 4. 1950, zo, ifg, 4. 

392 iftid. 81, fig, i. 393 Affiif, 36, 1949. 109. fig. 4. 3 94 J4S, 78. 3 95 P. Golcnieka, 

.1^10 HortiBot. U.Latt.',i, 1926, 179; CR,S, fiip/.94j 1926,627. 396P,W.Thomson, 

Z. D. G. G. 93, 1941, 274 397 94S, B. S. Nat. Moscow, 39, 1931, 214; Abh. mo. V, 

Bremen, 2$. i 933 p 248 (map). 398 P. \V. Thonisoii, Z, D. G. G. 93, 1940, 603. 
399 14S, 69. 400 14S, 86. 40t B. Halicki, j^cfa G. Pol, 1, 1950, 135; F, Roaycki, 

B. Patisho, I. G. 65, 1952, 40a 14J, 86 (tit,). 403 34,5, 67. 404 4/9, 81, 

40s A. J. Naboktch, cf. Syg, IV, 490, 406 S96; 3/59, 317; C. Lyell, T. G. S. S, 6, 

18^, 135. 4 i »7 IV, 250; /Sir, pi. to; U.W, Fiddcn, Q. J. 52, 1896, 52 ; C, J, 

Grewingfc; A. Karplitaky, B. Ac, imp, i, 1894, 7; V Faussefc; A. A. Incratranzeff; 
K, Pctcraen; F. Schmidi; A. Stuckenberg. 1S75; T. Tachemyschcw, Cfi, C. Arch, 
1892 (i), 3S: B. 3 , belg. G. 16, 1902, pi. 10; Carte G. Russie de 1 'Europe, 1892; M, 
Jcnnolajew, Arktit, 4, 1931, 4 (fig.). 40S 1693. 17; W. A. Obrutschew', G. fid. 23, 

1932, 185, 187; R. Pohlc, Z.G. E. t9i7, 215; 1919, 413; R. Samoilowitsch, P. M. 
163*. 57‘ 409 G- W, Gorbacsky, T. Arctic. /, 13, 1934, 410 i^s, 140. 411 N. 

Tichonowitsdt. cf, G, Zbl, zS, 1922, 30a, 412 1321, 384, 413 1362, 10. 414 611, 

»73. 303, 219* 4*5 !?■/*. *7! H. Munihf, Ups. B. 3, [896, 196. 416 S. A, Jakowlev| 

C. A/tn, 1933. 593' 4*7 A. Hoel, Vid. SAsk. F. 190* <4). 418 igg, 102; O. T, 

GrSnlie, N. G, T, 20, 1941, 26; J. Holmboc, JV. G, U. Ab. f. 1904, 50; K. Petersen^ 
TromsB Mas. Ab. 9, tS 86, 67, 419 J27, 202. 420 G. Wercschtschagin. cf. L. S* 
B«g. Zoogr. 2, 1935, 463. 464, 421 1S33, 239, 247 (map). 4,2 h, Odum, D. G U 

4, 1 (m), 1933' 443 G. Brandfir. Fiat, B. 118. 1937. 424 q Urander 

fiVnf. B. 119, i937i 93 (lit.); A. Clcve-Euler, Bot. Cbl. Bh. 60B, 1940, 287; V Skomk- 
hod, cf. N.J. 1940 (HI), 832. 425 T303 (2), i 61. 426 Ups. B, 3.1898 113' 427 Jddo 
+21; H. G«na, R. Hydr. 22, 1929. 242- 4*8 ^833, 246. 429 H. Gama EA sb’ 
1935. I' 430 G. Bnmdcr. op. at. 43* 5J5, 17: ,43; usj, 385; /jSj 1,9' 
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t668, 742; 169s, 20; ^737, 4+; S, A, Jakovlev, 1926; N. N, Utwanzewr, cf. G. Zbt. 39* 
1928, 508; Z* G}. 18, 1930, 341. 433 107; N. Knipowiisch, Vh. G. min. rutt. 

2, 28, 1900, I, 433 N. N. Urwanscw, Z. GL 18, 1930, 344, 434 K. A. Wolloso- 

witech. 1908: cf, N. Knipowitsch, op. fit, 71. 435 fSss, 234. 436 S. KulczynsJci, 

B. Af. PqI, B, (923. 166. 437 CR. C. Affh, 1892, 35. 438 185S, 234- 439 

52; T22I, 3S3; i 36 i. 44, 109; 4737, 501 G- Ge Geer, Am. G. 1893, 27; W. P. 
Amnlitxk), 1893; A, GriBOijew, 1922; V, A. Gorotikew, cf. G. ZbK 32, i9*4f *7! 

5. A. Jakowlcv, 1926: W, Ramsay, F ai {7). *903. 6oi W. K. Sokatschew, 1922- 

440 3S4, 52. 441 J835, 237* 442 N. Kulik, cf. G, Zbl. 15, 1927, 324; M. Lcbedcff, 
1893 j V. Tanner, F. 23 (3), 1905* 160, 443 B- K. Likarcv, cf. 567, 293. 444 L. A. 
Kulik, i&id.igis, 620. 445 14S, 103. 446 JoiSS, 238, 44727; J- G. Landmark, 
Burg. Milt. Ab. 1909 (8). 448 1732, 206; H. Rcusch, Nat. ao, 1896, 392. 449 ^ 39 - 
130; O. Frfidm, G, F. F. 36, 1914, 544 > A. M. llanscn, Ateft. Af. If. 14, 1890, 255 j 
15. 1892, 1; H. Kaldiwl, N, G. T. tz. 1931.39i I h Oxaal, JV. Gg. Selsk. Ab. 1914,42. 
450 tosOf 36, 60, 63. 451 0. Vft. Afe. F. 30, 1873, 9, 452 G. F. F. i, 1872, 17. 

453 Ibid. 7,1884.436; 10, i888,195; S. G* U. C, 68, 1884; Z. D. G. G. 35,1885,177, 

454 700, *23; M. 15, 1891,1; 34, 1895, 178. 4SS 156, Hg. 20: r^pr, 599, 

6c>r (map); U. BeT«ersen, C. T. it, 1932. 3<i7: G. Fr&lm. G. F. F. 38, i9><i» 
(map): A. Hcinia, A^ G. T. 25, i945- *68 (lit.); A. E. JagertkiOld, cf. G. F. F. 56. 
»935> 583: O. KullinR, S. G. U. C. 473 (&>. ‘MS- 4S6 R. Sandegren, G, F. 72, 
1950, 169 (lit.): G, Lundquisi, iWd. 178, fig. 7. 457 4653,41 (lit ) J J- E- Rt>sl>«rg, F. 
44 (4)f 1924' 458 tSgr, 603: H. Munthc, G. F, F. 27, 1905. 173: P. A. Clyen, ibid. 

37 p 1915, 195: A‘a(f, 47, 1923, 61; 37, 1913. 195; K. O. BjoHykke, ibid. 279* 282- 
4S9 453, 3971 tois, 696, 737. 460 sgS, 44; 797. 46* Gp. nt. 207. 462 Op. 

fit. 8. 463 139, 129; J99, 105: 3 S 4 f 51; 7 ®®t ‘29: 797i *30; *3^9, 20: G. Friwin, 
op. nt.; A. C. I[6gb<iro, G. F. F. 31, 1909, 5^7; W. Ramsay, F. 15 (*), 1897, *4: 
11. Reusch, CR. C. G. 1910 ,4641 J, I. Sederholm, F. 17 (4), i899. 6 ! B.iO. i 899, 

6. 464 W. KOppcn. Btr, Gphyt. 26, 1930, 376, 46s *072 (2>, 220. 466 13J2. 

Carte 3, 60. 467 iQso, 81, 468 1072 (2), 216: i 8 gt, 592; E. Grip, G. F. F . 71. 

i949i 413; R' Hare, ibid. 70. (9^, 244; H. Munthc, Upt. B. 3,1S97,104. 469 *655, 

38 (lit.); G. Dc Geer, S. G. U, C. 91, 1887; 155, 1895; C. F. F. 17, 1895, 473: iS, 

1896, 45. 470 Ibid. 21, 1899, 132; L. Holmstrdm, ibid. 223; 795'. N- O- Holst, 

S. G. U. Aa. 112, 1895. 471 H. Munthe, ibid. 142, 1920, 127. 137. 47* F>id., 

G. F. F. 26,1904, 317; 31,1909, 184; A. G. Hdgbom, ibid. 578; E, Mjfiberg, S, G, U 

C. 268 {4), 1916; 3S4, 53; Jr74. loio; i6jj, IV <3). 90. 473 4®. 5®: 1^- G. Holst, 

G. F. F. 31, 1909, 113. 474 Ibid. 28, 1906, 55. 475 S. Johansson, G. F. F. 59, 

1938, 436. 476 67, 662. 477 zUsSt 24 (lit-) 1 R- Erikson, G. F, F, 34, 1912, 500; 37i 

1915. 452: B* E. Ilalden, 478 165s; R. Sandegren, G. F. F. 67, i94Si 436- 479 

C. IL Lindrath. S, G. G. C, 492, 1948. 480 138 ; K, O. BjOrlykkc, A'iii. 31,1907.208; 

H. Reusch, AT. G. T. i (4), 1907. i, 481 G. Ilolmsen, N. G. U. 113, 19*4, 1 

H. Kaldhol, A', G. T. 11, 1932, 107; A. Nummtdal, ifiid. 7, 1924. 110. 482 I. Hess- 

land. Ups. B. 31, 1946, 311. 483 B. Asklund, S, G. U. C, 402, 1936 (lit,), 484 G. 

Brandcr, FiW. J5.118,1937. 485 R, Nordhai^'en. AT. Cg. T, 8. 1941. 124. 486 1669 ; 

T. Bmiuier, F. 47 (9), 1927. 487 14S0, 24; 1669, 377. 488 G. F, F. 45, 1923. 164. 

489 936, 54, 65; G* F. Kplderup, P. G. A. 23, 1912, 36. 490 166S, 708, 491 O. 
Angeby, G. F, F. 73, 1951.653, 49* E, Holmstrfim, ibid. 34, 19*2,4*1- 4M *655, 

39 (lit.); N, l-lariK el a/.. A/. D, G. F. 4, *912, 103; H. Munthc, S. G. U. Aa, 142, 

191S; R. Sandegren, S. G. U. C, 495. 194®. 39- 494 G. Ekholm, Y. 45, 1925, 416. 

495 r633, IV (3), 94. 496 O, KulUng. 5. G- U. C. 473, 1945. 497 Boi- blot. 1894, 
185: 1^6, 117. 498 702, 282: Nat. 28. 1904. *43, i68- 499 Bot. Jb. 17. 1S93, Bbl. 

41, 26. 500 66 s, 56; J. Osaal, JV. Gg. Sdsk. Ab. 25, 1915, 55; R- Nordhagen, Berg. 

Mas. Ah. 1935 (*), 6* ■ S** 

Barth, N. G^. T. 7.1939,46: R. Nordhagtn, tftid. 8,1941,124; S- Foslic, N. G. *49. 
1041 > 2.71 \ E+ Gmnlund fit G* Lundquist, JV. G. T. i6p 1936, 11 ; O. T. Grdnliep ibid. 13, 
1931I1 365; 20* ^ p j3t i93®s ^13^ Vid. Ah. 

mat. «tf, 1938 (i); T, Vogt, AT. Gg. Sthk. A6.23,1913, i. 502 G. I lolmsen, N.G.U. 
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99 i 19 ^ 3 ' 5*^3 O, T. Gr^nlic, op. eit .; H. Koldhol, N. G. T, 12,1931,397, 504 isox, 
34. 505 199, 103, 506 1291 , 8 ,12 (map). 507 49, 78: 466, 90; 54^, 3(2; 792, 293; 
1696 (18) 432; S- Ahlncr, AelaPltyt. Suee. 22,1948,140; N, Atbcrteon, ibid^ 13,1940,7; 
A. Biylt, NyU A/. 21, 1876, 279; .fiol. JA. 17, 1893, 6BI; G. BjOrkman, Sv. Vet, ilA. 
Avii, 2, 1939, 218; T. W. BScher,^. Eeol. 39, 1951, 382; A, Ckvc-Eulcr, Ups, B. 32, 
1946, 66; B, Dahl, M. Gr. 150 (a), 1950, 184; O. Dahl, .V>'i. M. 69, 1934, i; 

T. Dahl, iV, Pkyt. 45,1946,225 ;G. Dcgc 1 ius, ActaPkyt.Suee. 7,1935,302; G. 5 ainucla~ 
luan, ibid. 16,1943,113; T. Arwidsson, tifriV. 17,1943,98 iT.Hasaelrot, ibid. 15,1941,60, 
84; Sv. Bot. T. 29, [935,311; M. Elfotrand, ibid, zo, 1927,269; A, Gustafsson, Lundf. 

U. Atsskr. N, F. Alii. 2,43 (12), 1947,198; Vid. Ak. S^. 1929 (s); J. Holmboe, ibid, 
■936 (9): Btr. Scincaz. bot. G. 46,1936. zio; Bot. T. 30,1936,531; E. Jdrgcnscn, 
Berg. A/ttf. Ab, f. 1918/17 (5). 302; G. Knabcn, U. Bergen Ab. 1950 (8), 1952, 84; 

J. Lange, M. Gr, 3, 1880, 423; B. Lindquist, Acia Ufsrti berg. 14, 1948, 319; j. A, 

Nannfcldt, Sy»^. Bat, Ups. t (5), 193$; 4 (4), 1940; Vet. S. Arsb. 1947, 51; R. Nord- 
hagcn Berg, Atuf. Ab, 1931 (2) ; 1935 (t), G. E. Du Bictz, Y. 8z, 1942, i^; S. Scbnd«r, 
Bygdo. mtar Aarsb. 1941,98; Btil. Xat. 1942,89; Sv. Bvi. T. 41,1947,284; H. Smith, 
Norridiidfkt HaadbiUhtek. Upsala, 9,1920,138; L, StcjncgcT, Sm. Alise. C, 48,1907; 
Nat, 32, 1908, 193, 269; T, A, Tengwall, Sf, Bol. T. 7, 1914,258; N. Willc, Nyt. M. 
43, 1903, 315; Be;. J*. 38, 190s, 44; Ann. Mo. ftoi. Gdn. z, 1915, 59. 508 .A. Blyit, 

Nyl, M. 21,1876, 349; K. Hnidhaus & C. H. Lindtoth, Am, lift. Mas. tt’trti, 50,1939, 
236; J. Holmboe, Berg. Mm. Ab. 1913 (7); Nat. 51, 1927. 211; Avfi. N. Vid. Ak. 
1936 (9). 1937; R- Scmaindw, Bot. Not. 1S96,114. 509 }, Holmboe, Avk. N. Vid. Ak. 

1 (6)> 1937 - S *9 K- Facgn, Bot. R. 3, 1937, 436. gii S, Ahbicr, Acta Pkyt, Saee, 

22, 1948; B, Lindquist, ArfU Horti b^, 14, 1948, 249; C, H, LindfOth, Zoo/, Bidr., 
i3» 1931. J 07 : idoogeogr, 2,1935, 579; CB, in;, C. Eat. 7,1939, 240; G. E. Du Rictz, 
P. R. S. 118B, 1935, 228; L. Stejneger, op. At. 512 1 '. Arwidsson, op. at, 98; 

K. Focgri, op. At. 437. 513 Sm. Mise. C, 48, 1907; Nat. 32, 1908, 193, 269. 

514 TimasS .Mus. Aarsh. 31/32. 1910- 5*5 ^ 0 ^ 5 , 4 «> 5 , 412. 493 . 73 S. 757 . 772 - 77 S 

(map); (18), 318; S. C. Dcvillc, fl .4na. 3. Ent. belg. 81, 1921, 392; C. H. 
Lindroth, Zoot. Bidr, 13. 1931, 105; CB. C. Ent. 7, 1939, 240; S. G. U. C, 492. 
1948; . 4 . Strand, N. Ent. T. 4, 1935, 87; A. Hiknemnnti, Arch. Hydrobiot, 
Suppl. Bd. 17, 1941, I; E. WahlRren, Bnf. T. 40, 1919, az. 518 J. Bifc, Berg, 
Mur. Ab, 1932 (3): H. Kaldhol, jV. Vid, Seltk. Skr. 1924 (4), 1925; N, 
Niklosson, cf. isoi, 109; .A. NummedaJ, /. Smign. Kultarf, B. 15, 1929. 517 K. 

Fscgri, Bot. B. 3, 1937,425, s»8 E. Dahl, .V. Gg. T. 11, 1947,159. 519 A, Clcvc- 

Eultr, Terra, 48, 1934. 135, 520 Jorj. 797'. C. il. Lindmth, Zoot, Bidr. zo, 1941, 

440; G. SamucLson, . 4 cta Phyt, Sure. 18, 1943, 30. 521 O. Holtcdahl. A'. Vid. 
Ak. 1929 (a), 522 Faegri, Berg. .Afui. Ab. 1935 (8), 19. 523 S. Calvin, G.S.A. B. 

20, 1909. nr> doiea Ac. 17, 1910. 177. 524 gjS, ,09; g. F. Kay, Sc. 44, 

^37; G. S. A. B. 27, 1916. 115; J- G. 28, 1920. 89, gag F. Lewrett, Sr. 71, 
i 93 «. 47- 52* W. il. Hobbs, ABf/i. ^Jr. P. 30. 1944. 449 (lit.). 527 59j (3). 755’ 
763:7.0. 3, 1S9S, 270- 528 Ibid. 4, 1896, S74. 529 G. S. A. B. 20, 1909 408 
530 7. a. 3. 1895, 270. S3I P. Jotra Ac. 5, 1898, 81; 28. 1917, 49; j. q 9 
1^8, T78, 2J9. 248. 532 A7J!, pL 2: W. C. .Aldcn, G. Sv. lotea. 28, 1917 40’ 

533 ^7^. ph 2. 534 ^ 7 ^, * 40 , i 74 ’, ti6; C. D. Holmes, G. S. A. B. 53, 1941 

1479 535 G. M. Dawson, ibid. 7, 1895, 31: J. G. 3. 1895. 507. 536 ^55 

537 390. 50, 57, 538 -rooo, 258. 539 loyi, 117. 540 1001, ig,. 54, ,-3 

pi. 3 - 54a 99^, 74 - 543 t44b, opp. 316; R, T. Chiimber]m, 7 . G. 37, 1939’ aSs' 

T. C. Chamberlin, ibid. 18, 1910, 473. S 44 G- F- Kay, Ai™ G. Sv. 38 194.1 .art 

545 K, Hryan & L. L. Bay. Sm. Mite. C. 99 (2), 1940, 6,. 549 ,4 j 

S-W 547 G. F. Kay. ibid. 218, 192S. 518. 548 W. C. Alden Sc M. M, LeLhlon* 

iottfl G. Sv. 26. 1917, 49; S. Calvin, G. S. A. B. 10,1899. i<i7;7. G. 19 iqi 1 f-j-,’ 
H. F, Bain, P. Iotas Ac. 5,1896, 86; G. F. Kay, A.7, S. 216.1928, 497 - & A L 1 urn' 
ibid. 237. 1939. 858- 549 G. F. Kay. Sr. 68. 1928. 482; 70, ,919. 259. rX’ 

551; P. Am. Ph. S. 65, 1936. 105; Sc. 7*47 5 Si T^34. 4* 1: G. F, Kay, /orJ 
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PLEISTOCENE STJIATTGRAPHY; BRITISH ISLES 
Historical 

In spite of their innumerable and perhaps unrivalled sections, natural and 
artlfida], the British Isles have revealed little decisive evidence of inter¬ 
glacial epochs. Complications arise from the multiplicitj' of radiating and 
fluctuating ice-centres, from the relatively thin drifts, from the scanty fossili- 
ferous deposits, and from the fact that much of the drift now lies on the sea¬ 
floor, Thestandardsequence is natu rally provided by eastern England which 
is situated farthest from the ice-centres. 

J. Geilde’s claim for multiplicity, though supported by T. C. Chamberlin 
from North America and by Penck, Bruckner and J. Partsch for the mainland 
of Europe (see ch.'XXXVl), found little response in Britain. Geikie himself 
in his later publications insisted less on British and more on foreign evidence, 

A double glaciation, the later one less extensive than the first imd separated 
from it by the “great submergence", was a feature of most British writings 
of the middle of the last century (see p. 6sS). When the submergence vyas 
abandoned, much of the necessity for a belief in bipartition disappeared with 
it. Considerable weight was attached to the so-called “Middle Glacial 
Sands and Gravels" between a lower and an upper till. ''I'hjs tripartite 
succession, discovered in Lancashire and Cheshire,^ including their coastal 
strips, was extended^ to the Trent basin, eastern England, Cumberland and 
Westmorland, the Outer Hebrides and Ireland. 

Many regarded the Middle Glacials as a means of aynchronising the 
drifts of the various regions. They proved an oscillation, as in coital Wales, 
the Lake District (Black Combe), the country south of Dublin and the 
Central Plain of Ireland, or even an interglacial epochal tlic beds contained 
evidence of erosion in the shape of clay-balls coated with sand and shell 
particles, peats, southern shells and occasional mammalian bones—mammoth 
has been found in them in several places in Cheshire.'* 

Others ^ however maintained that the Middle Glacials could not be so 
interpreted since they were not continuous over wide areas, had no constant 
relation to well-defined tills above and below, and had neither persistent 
features nor distinctive fossils. On the contrary, they were local and 
lenticular and inextricably intcnvoven w ith the till, and in the Vale of York 
and Cleveland Hills were true retreat moraines.* The so-called upper 
boulder-clay was lacustrine " book leaf" or laminated day'^ (an observation 
likewise made for north Germany*) or was engbeial debris liberated at the 
final melting (see p. 383). 

Although this class of evidence is to be received with caution, since 
temporary oscillations or shifting subglacial streams may yield analogous 
features, especially in sections parallel with the stream or the ice-edge, later 
research lias in the main but strengthened the interglacialist view, tor 
instance, the Middle Glacials (= Cotton Sands) of East Anglia (see 
p. 771) represent just such an oscillation between the North Sea Drift and the 
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Chalky Boulder-clay— the North Sea Ice itiay have completely withdrawTi 
from BritatnS—though it haa been maintained that there wa$ no interglacial 
epoch at thb horizon.i“ They were laid down as deposits of a glacial sub¬ 
mergence or, as their heavy minerals indicate, as the outvs'ash from the 
retreating North Sea Ice'2 or, more probably, of the advancing Ch^y 
Boulder-clay ice .'3 Prelonged dcglaciation followed; the Norwich Brick- 
earth is thoroughly decalcified and oxidisedScandinavian and other 
erratics at the base, as at Ipswich and Cambridge (Traveller’s Rest), ^c 
remnants of an older drifti the hast Anglian valleys, cut into the Norvvich 
Brickcarth in Norfolk, enclose the Middle Glacials and are themselves 
older than the Chalky Boulder-day ,16 being wrapped over with it (they guided 
the flow of the ice which was buttressed upon and shattered, thrust and 
contorted their spurs of Crag and Chalk*^); the Middle Glacials east of 
Cromer have been removed; and the direction of glaciation in North Sea 
Drift and Chalky Boulder-clay times differed markedly (see ch, XXXIIl). 
T he hiatus between the North Sea Drift and the Great Chalky Boulder-clay 
was a period of elevation and erosion, later of marine trans^easion. 

The marine shells in these East Anglian Middle Glaciab, contrary to 
earlier view,'* are indigenous'^ though they are undoubtedly of mixed origin 
and include fragile shells from the Crags. They have a northern aspect“ 
(Corbicuk flumitiafis was apparently not then living in Englandf) though 
forms indicative of warm and cold conditions are found mixed together.22 
Satisfactory traces of the occupancy of the area by early man are scarce (see 
p, 1016)—possibly because the sands and gravels arc porous and were 
deposited under great sheets of water, either fresh, brackish or salt.2^ 
Recently scrapers, points and racloirs of an industry termed Runtonian and 
allied to the early Clacionian have been discovertd.^^ 

I. Newer Drift 

The Newer Drift is bounded by an end-moraine. This York Line runs 
from the nortli Norfolk coast to the mouth of the Shannon in western Ire¬ 
land (fig, 199). In the Vale of York it is formed by the York and Escrick 
moraines 26 which span the vale and consist of till interbcddcd with gravel 
and sand. Farther south it may include the Cromer Ridge(see p, 77a) and 
enclose the Brown Boulder-clay of Hunstanton (sec p. 772) and less certainly 
the Upper Chalky Drift (see p. 771), e.g. of the Cambridge area, where fresh 
drift and cskers and strand lines and overflow valleys of glacier-lakes denote 
a recent glaciation (see p. 1139). It has, however, been stated that the ice at 
this stage on the east coast extended only to Flamborough Mead or a little 
farther south, 2 * Throughout its length, the moraine's markedly sinuous line 
is closely adapted to the relief, its loops being festooned over broad basins 
like the Vale of York and Cheshire Plain and the wider valleys which facilitated 
the ice-flow. It is curv'cd backw'ards over the intervening uplands, e.g. the 
Cleveland Hills and the Galtctr and Knockmealdown Mountains, which 
provided impediments. 

Although an interglacial epoch preceding this drift has been denied 
because there is no weathered layer with old soils or peats, it seems to be 
implied by the Middle Glacials of Lanc^hire and Cheshire, by the gravels 
in I loldemcss which contain warm fluviatile and marine molluscs (see below), 
by the isolated bones and teeth of land animals frequently found within the 
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line of tile moraintj^ by the considersible dissection that took place before 
the Newer Drift was deposited, e,g, in Yorkshire,and by the contrast in the 
topography and stale of weathering of the drifts within and without the line. 
This is very strikingly seen about the south Pennmes^^ where the fresh neiver 
drift sweeps continuously up on the western flanks while on the east sporadic 
erratics and drift patches only occur on hilUtops, interstream areas and on the 
pj^jj 33 —^the patchiness of the older drift may be due to non-deposition 
(due to the cleanliness of the ice) or, as is more generally thought, to later 
denudation of a once-continuous covering of drift. On the south the Chalky 
Boulder-clay, now dissected even down into the underlying rock, is often 
“ piped " and weathered to a light grey or brown loam. 

The (first) Great Welsh ice, the earliest Pennine ice, the Northern drift 
and the East Anglian earliest drift have been designated the Bcrrocian (Be), 
the (second) Great Welsh ice and Great Eastern ice the Catuvelaunian (Ca), 
the Irish Sea ice the Comovian (Co) and the Little W’elsh ice the Cymrian 
(Cy)J5 


2. Interglacial Fossiliferoiis Beds 

(o) Cromer Forest Bed 

Britain’s classic interglacial accumulation is the Cromer Forest Bed which 
runs for 40 miles (f. 64 km) from Kessingland in Suffolk to Runton beyond 
Cromer in Norfolk and p^ses inland under the cltfis and drifts and outwards 
under the sea. Its several members, exceptionally totalling 100 ft {c. 30 m) 
in thickness, C. Reid classified as follows^^: 

5. Arctic Freshwater Bed 
4. Leda myalis Bed 
3. Upper Freshwater Bed 
a. Forest Bed 
I. Lower Freshwater fled 

The Lower Freshwater Bed, the lowest member which rests on the Wey- 
boume Crag, is thi n—2-5 ft (o-6a” t -65 m)--and seldom prescrv'cd but between 
East Runton and Cromer forn^ a tenacious and carbonaceous river-mud 
associated with fish-remains, black peat, abundant seeds of marsh plants and 
bog bean, matted reeds and bracts of cotton-grass. 

The laminated clays and current-bedded sands and gravels of the Forest 
Bed proper are in places 20 ft (6 m) thick and are estuarine and locally 
fluviatite and weathered into a soil (Rootlet Bed); they contain Pholas-hoTcd 
derived from the lower bed, occasional seams of mussels, and large 
quantities of driftwood with its bark stripped off in places and its roots 
severed, rounded or frayed. The surface is in places weathered into a soil. 
I'he vegetable matter,^’' comprising stools and boles of trees and remains of 
no less than 13j species of flowering plants, includes Scotch fir (first appear¬ 
ance in Europe), Norwegian spruce (the only tree species, as Lyell observed, 
not now indigenous in Britain), yew, maple, sloe, alder, oak, birch, hawihorn, 
elm, hornbeam, hazel, yellow and white water lilies, bogbean, homwort and 
other pond weeds and willows, together with Fro^ nutans^ RanuHfuliis 
tiemorofvs, flypecoum procumbent and Natas minor w'hich are not now native 
in the British Isles* Pollen analj-sis^ shows that the Forest Bed was a mixed 
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oat forest which impoverished towards the base where it was largely 
Pinus and Beiutii with Uimus^ Satix and Picea. Abies was absent. The 
succession is an interglacial ooe^ minus the lowest and uppermost horizons. 

The associated mammalsincluded the monkey Alacams^^ (previously 
found at Grays, Thames vallc}'^^), Eteptms fneridii^naiis, aFittqum (denied 
E. trogoTitherii,^^ Z>rVeror/jmjw eirusois, Diceros merakii^ Hynetm slnata,'^ 
liippopaiamus amphtbiuSj Ursus ^pejaeus (= t/, denwgeTi^^)j t/. itrvememis 
(denied^), 17 . s&vini (common bear of this bed and possible ancestor of t/. 
speiaeus^^)^ numetous species and individuals of deer'*^ (Cerpw^ 

Ch i^ervicomisj C. conmt&rum, C\ polignacuSy C. etephus^ C. eapreolus^ C. 
megaeeros —C, dama was not prirsent"^^)^ Ma€hairQdus iutidens^ i6 rodents 
including Trogoniherium cuvieri and Castor fiber, 6 insecti%'ors, 3 l Equus 
robustuSt^^ and such vertebrates as w^alrus^ sperm whale and They aJso 

included a cold element which embraced FeUs spelaea^ Ursus spelaeus (see 
above)* Elepkmpfimigenius^ (denied^^)* Gido luscus and Of^ibos moschatus^^ 
the last named thought to have been derived from some other bed^^ or, with 
Cervus mega£eros and Rangifer tarandus^ to be doubtfully determined*^® 

The Upper Freshwater Bed lies in hoUow^s on an eroded and deeply 
weathered surface of the Forest Bed. Its lacustrine d^ys are full of marsh 
plants (water lilies^ sedges and aquatic docks), bones of fish, birds, amphibia^ 
reptiles and a microtine fauna*^^ with freshwater molluscs that include 
Corbitiila fiuminatis and several species, either extinct or like Hydrobta 
margarita no longer living in Britain. 

The LeJa myaiis Bed of fine, current-bedded loamy sand, 20 ft (6 m) thick, 
is characterised by Yoldia (Ledd) myalis. '^This arctic species^ unknown in 
the Crag, occurs like the is™:iated shells in the position of life ^vith valves 
united. Reid and others placed this marine bed below the Arctic Fresh¬ 
water Bed: Solomon reverses the position. Its fossib resemble those of the 
Wej^boume Crag but its mineral grains, similar to those of the North Sea 
Drift, indicate the arrt^-^ of detritus from the north and the advance of the 
Scandinavian 

The Arctic Freshiivatcr Bed, an ancient land-surface, is found imper- 
sistently as at Mundesley^ Beeston^ 0$tend and near Bajcton on the north 
Norfolk coast. Its fine, current-bedded sands and loams, 1-4 ft thick, con¬ 
tain freshwater shells {Succinea pulHs, S\ obtonga, Vaivatu piscmalis and 
Pisidium henstoipianurn)^ and its laminated peaty loams and days, lenticular in 
form, were deposited in channels as a fl<K)d loam. It has arctic birches, alder 
and willow' {S^iix pol^iris and Betida ftano first appear here in Bntain) and 
mosses inclusive of the boreal Hypmm {uTgesceni (now^ abundant in Spits¬ 
bergen, Greenland* Bear Island and north Scandinavia). The rodent 
Citellus has also been found. The arctic conditions are confirmed by seals, 
whales and walrus and by the lack of trees. The temperature was probably 
ii"i°C lower than now%*^i 

While the Lower Freshwater and Arctic Freshwater Bed, the nvo limiting 
members of the Forest Bed Series, are in situ and arctic in character, the 
Forest Bed itself is a mixture of species of different ages and climates The 
fish, amphibia, reptiles and birds are genendly modem species; the mammalia 
include w^arm species w'hich sundv'ed from the Crags, many or all of them 
extinct (all the 63 species of terrestrial mammab may be extinct^^), and 
tundra and northern forest types^ such as the musk ox and glutton. The 
marine mollusca register a temperature as cold as that of the Weybourne 
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Crag®^ though th« freshwater shells, as one might judge from their source, 
have a more southerly aspect 

This mixture has caused the age of the Forest Bed to be disputed. Yet it 
is generally believed®^ that the warmer element, comprising some upper 
Pliocene species, was carried northwards from a w'armcr biological province 
or some older beds by a north-flowing river {usually identified with the Rhine 
but more probably the combined L>'s, Scheldt and Meuse*) w'hich trans¬ 
ported blocks and minerals from the south.®^ The climate, as the trees 
attest, was at least as warm as present-day Norfolk. The flora and allu'V'iai 
plains with lakes and sluggish rivers resembled those of the Norfolk Broads 
of to-day.®® 

To the ^ of the Forest Bed may be referred the Cromerian fauna found 
at 6o ft (r, iS m) 0,D. near Harwich, Essex,* the bottom layer in Kent's 
Cavern with Machairodus and the Cromerian Piiymys ^egaloides^^ and the 
Castle Eden flora of the freshtvater clays in fissures in the Magnesian Lime¬ 
stone of Co. Durham; the clays contain molluscs, ostracods, tree trunks, 
mosses, seeds (suggesting early Reuverian), bones of fish and a few mammals 
including Elephat meridionalisP^ 

(h) Lake-^sttes 

Among other British beds, presumably interglacial, are certain lake-sites 
which, like other interglacial occurrences, are little more than “ lucky dips " 
into a past which Is largely obliterated. One of the most important of these 
is at Iloxnc, about midw'ay between Nortrich and Ipstvich. Here, a silted-up 
lake or rh'er-cliannel presents the following successions^ (fig. 200); 

8. Boulder-clay or solifluxion trail, 2 m thick (= Upper Chalky Boulder- 
clay) ; middle to late Moustcrian, 

7. Vaminated clays, c, 2 5 m thick, with peat at the base and bones of 
horse, ted deer, beaver and elephant, temperate molluscs, alder 
with Scotch pine, spruce, oak, birch, elm and hazel; Clactonian 111 
(" Early Moustcrian ”). 

6. Gravel, 1-1-5 thick, with bones of mammoth and reindeer; upper 
Acheulian. 

5. Blackish brickearth, 6-7 m thick, with arctic willow', dwarf birch 
and leaves and mosses of arctic type. 

4. Peat with abundant mosses and temperate plants. 

3. Greenish-grey brickearth with temperate plants and mclluscs. 

2. Great Chalky Boulder-clay {?), 7*5 m thick. 

1, Glacial sand (Corton San^ ?), 

\Voldstedt 73 interprets the succession to indicate the North Sea glaciation 
(= Chalky Boulder-clay), followed by two interglacial horizons (Elster-Saale, 
Saale-Weichsel) and capped by a solifluxion layer (No. 8). The mammoth, 
reindeer and arctic plants denote a true glacial period (Saale) and not merely 
the cold horizon of Skaerumhede (see p. 950). Recent et'idence, however 
seems to prove that there is only one warm bed (Mlndel-RUs) w-ith a true 
boulder-clay above (%Vest, 1954)- 

A somewhat similar succession has been found at two other "buried lake- 
sites”, namely at Foxhall Road (Derby Road), Ipswich,™ and at High Lodge 

miles north-cast of Mildenhall), Suffolk.'^s The temperate bed at Ipswich 
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An^IU^p p. sB- 

contains lower Acheulion implements while at High Lodge gravels and brick- 
earths between Great Chalky Boulder-clay below and trail (Upper Chalky 
Drift) above have yielded evolved Clactonianp Acheulian and Lev^alloisian 
industries. 

These lake-sitesp which together may provide equivalents of the Mindel- 
Riss interglacial of the Sonune, viz. early ClactoniaOp early and middle 
Acheulian and early Le%^alloisian, show tliat the climatic conditions in south 
Britain at that time were generally similar to tho$c of the present but perhaps 
with more forest of alder^ oakp birchp pine, hazel and spruce. 


(c) River*t^rriicej 

High-level gravels of varied composition and some antiquity ate wide¬ 
spread through southern England. In Berkshire and Oxfordshire and other 
counties margining the London Basitip they form a quart^ose or (Bunter) 
quartzite gravel which is probably Tertiary though modified by ice. On 
the Chiltern plateau,w^here they occur at a fairly uniform altitude of r. 4C50 ft 
(i^o m) on flat-topped hiUs and in genetic relation with these^ they consist of 
local or neighbouring inatcriat, e.g. Lower Greensand, Chalk and Tertiary, 
with far-traveiled detritus, such as Carboniferous Limestone, Buntcr pebbles. 
Lias fossils and Red Clialkp referable to marine action. 

ITie gravels belong to various Tertiar)' ageSp including the Lenham BedSp^® 
and in north Aliddiesex, Hertfordshire and Essex include the deposits of a 
Proto-Thames^^ which flowed north of its present course and through the 
Vale of St. Albans to Hertford, Ware and Chelmsford. It received tributaries 
from the Weald which deposited pebble gravels, consisting of local material, 
e.g. cherts, and possibly representing the fluviatile equivalents of the Westle- 
ton Shingle(sec pp. 766, 771)* Glacial redistribution is shown by 
disturbances in the underlying strata,^^ by included palaeoliths*^ and by 
foreign constituents which in part represent the outwash fans of an lec-sheet^^ 
older than that which laid down the Great Chalky Boulder-clay. These 
deposits of an earlier ThameSp w'hich continue upw^ard in elevation and back¬ 
ward in time the record of the recognised Thames terraces (see below), 
include the \Vinter Hill Terrace and the lower Black Park Terrace and the 
still earlier Higher and Lower (Harcfleld) gravel-trains®-* (fig. 201). The 
Triassic debris entered the Thames valley by Coring Gap and was redis¬ 
tributed by ice from the pre-existing river-gravels.®^ Thus the Winter Hill 
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drifts of the middle Thames are represented downstream by gravels of 
Wimbledon Common and Kingston Hill which contain Triassic debris* 

The corresponding high-level gravels of Cretaceous and Tertiary fragments 
which lie south of the ice in Hampshire were laid down by Tertiary rivers or 



seas; they remained undisturbed except for floods from melting snows fsee 
p. 1082). ' 

Thames teiraces. The Thames terraces,the northernmost terraces in 
eastern England—there are for example no terraces between the Thames and 
Wash—build sheets and isolated patches of which the thickest, most extensive 
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and most fossiliferous lie north of the 
valley and below London* Their gravela 
and beds of sand, frequently capped by 
loam or brickeartht represent the waste of 
Cretaceous and Tertiary rocks and older 
plateau gravels®® ($ee p. 1215). ^Tiile 
petrologically they do not differ notably 
according to horizon„ their composition 
t'aries with the drainage area. Thus the 
gravels on the south contain only local 
material, e.g* flint, Lower Greensand 
chert, Folkestone ironstone and Bagshot 
Sand, and on the north, Carboniferous^ 

Jurassic and Cretaceous material. The 
bulk is angular chalk, flint, white quartz^ 
slate and quarztite*®® The brickearth, 
mainly associated with the Ia$t stages of 
the Middle or later terraces, is of com¬ 
posite origin. Though ascribed to deposi¬ 
tion in the sea^ or in a lake ponded by 
ice in the North Sea,®^ it probably 
formed by wind-drift under drier con¬ 
ditions (see p, 530), by tranquil inundation 
along river-margins encloses numer¬ 
ous species of fresh^'^atcr and terrestrial 
molluscs—or by subaenal waste at the 
foot of slopes.®^ Thus many skeletons of 
lemmings were discovered rolled up as 
though they had been smothered while 
hibernating in burrows”,^ 

These terraces, early thought to be marine 
beaches,were later attributed to deposi¬ 
tion along the sides of stagnant icc^ and 
in part to fluvioglacial streams,^ While 
the latter undoubtedly contributed their 
share, the terraces are in the main of flu vi¬ 
able origin as J* Morris^® first pointed out. 

Thus each terrace varies in height with the 
fall of the valley^ to a slight degree longi¬ 
tudinally, much more transversely—^the 
intervals between the terraces dirnirdsh up- 
streaiti,^ Prestwich distinguished high- 
level and low-level terraces and WTiita- 
Iter 100 recogtibed three terraoes> denoted 
first, second and third or alternatively 
high, middle and low. This division was 
afterw^ds modified^ioi by the addition of 
a still earlier terrace, into First, Second or 
High, Third or Middle, and Fourth or Low Terrace (fig. 202). 

The First or Dartford Heath Terrace which occurs at 130 ft (c. 40 m) or 
more is now markedly fragmentary' on the south side (Dartford Heath, 
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Shooter's Hill, Crj'stal Pslacc, Hangar Hill, Wimbledon, Kingston Hill and 
Swanscombe). The Si^ianscombe series consists of 30 ft (9 m) of gravels 
divided by loams into Lower, Middle and Upper beds, the fiist wth 
Clactonian Aakes, the second and third with Acheutian: it contains erratics 
of southern origin (Cretaceous and Tertiary), together with erratis from 
w'estem sources'*^^ (Bunter pebbles. Upper Carboniferous grits, Lickcy Hill 
arkose, Wrekin granophyre, and rhyolite, basalt and tuffs from the Welsh 
borders) and has yielded the Swanscombe (female) skull (sec p. 857). 

The High or Boj'n Hill Terrace,w'hich about London and for 50 miles 
(c. 80 km) to the cast (Swanscombe) approximates to 100 ft (r. 30 m), is often 
referred to as the loo-ft terrace. It naturally rises upstream—at Maiden¬ 
head (near which the type localities of Boyn Hill and Taplow are to be found), 
it is [40 ft (c. 43 m), at Oxford, 240 ft (c, 73 m)—and falls dow'nstream: from 
the mouth of the Lea to Sw'anscombc the gradient is less than 3 in. per mile 
(i: 21,120) and the neck of the estuary was probably only 15 miles (c. 25 km) 
aw'ay. Its flood plain was at least 6 miles (e. lo km) broad, between Dartford 
Heath and Romford even 12 miles (f. 20 km )“>5 j the river continuously carved 
out new channels, aggrading them and abandoning them, so that the gravels 
are lenticular and of varj’ing texture. In reality there are two terraces or two 
ledges cut into the solid rock over w'hich the gravel sweeps down. Thev are 
named the Boyn Hill and Furze Platt terraces,!®* latter, the equivalent of 
the “ Middle Gravel ” of Swanscombe and containing Grays Inn Lane palaeo- 
liths (= Middle Achculian), and the Boyn Hill terrace with “derived” 
Abbevillean and Clactonian implements. Tile combined terrace represents 
an imposing total aggradation of an extremely long interglacial epoch. 

The Middle or Taplow Terrace,’®^ ranging between 46 ft (14 m) and 60 ft 
(18 m) and known as the 50-ft terrace, is widely distributed; it extends from 
west London, e.g. Shepherd’s Bush and Staines, to Ilford in Essex and Erith 
and Dartford in Kent: it graded with a sea at this height but descends to 
below sea-level from Erilb easrtvards.!®* This terrace is dirisible into two,!®® 
an earlier No, i with early Levallois implements (also termed the Upper 
1 aplow, Ivcr or Lynch Hill Perraoe!!®) which was formed during a tundra 
phase, and a later No. z, with middle Levallois implements, the two terraces 
being separated by an important soliBuxion horizon correlated on archaeo¬ 
logical evidence with the Main Coombe Roek of Northlleet. 

The Upper Flood Plain Terrace* n (Ponders End sta^e), which about 
Windsor is about 6 ft (2 m) above the present Bood plain, at Ghertsey about 
10 ft (3 m) and near Hampton about 20 ft (6 m) above the flood plain, graded 
with a 25-ft (8 m) sea-level. The Lower Flood Plain Terrace or Hal ling 
stage.ii 2 which is intermediate between the Upper Flood Plain Terrace and 
the modem flood plain, may bebi^ to the first interstadial of the last 
glaciation,**^ 

These terraces are important: they chronicle the sequence of chances of 
climate (see below), of mammalian lifeiw (fish have also been obtained* *5^ 
and of palaeolithic cultures* the aoo-ft (c. 60 m) or Ambersham Terra™ 
was named by C Reid the "IbUthic Terrace*'. The climate deteriorated 
steadily from the highest to the lowest terrace. The highest terrace at 
Swanscombe has ynelded Diceros me^ariiintts, D. leptorhiitus, Eatitts cf 
stettonis, Trogonl/ierium cwfwn—the bones as elsewhere in the terrace are 
seldom much rolled or broken and were entombed on the spot as Morris**7 
averred. 
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The Taplovsf Terrace is overlain by gbcial coornlwj rock and an upper brick- 
earth sealing floors containing unrolled middle IVIousterian implementST as at 
Acton, Cray ford and Northfieet, It show-s the ousting of the warmer species, 
associated with the sensitive ivy and poplar, Chellean implementsand 
rolled Acheulian and Levalloisian of tlie lower gravels, by colder species and 
the coming in, during the Crayford stage, of cold anim;ds, e.g. gluttoitp musk 
ox (?)p reindeer, rnammoth, woolly rhinoceros, arctic and Scandinavian 
lemmings and northern voles+ Corbicidd fliiMSTiaiis and the leptorhine 
rhinoceros disappeared from the Thames ti'alley iit the Crayford s^e of this 
terrace, hippopotamus in the early Middle Terrace at Grays. Disturbances 
Were created by d rift-iccp and an occasional boulder was iee-borne. ^ The 
worsening climate culminated in the Flood Plain Terrace whose arctic 
mammalia comprise mammoth, woolly rhinoceros and abundant reindeerp 
e.g. at Stoke Newington and xAdmiralty Buildings,This is the rein¬ 
deer period^* as S. V, Wood 1^4 noted+ 

Non-marine mollusca,^^ found mainly in brickearths (whose composition 
and more tranquil accumulation favoured the collection and preserv^ntion of 
even the most fragile shells) corifirm this climatic tendons^ in so far as they 
betray any variation, Cf^rhicukt Jfujrunalis, Umo lilioralis and other warm 
shells become smaller and fewer through the terrace-sequence ai^id disappe^^ 
during the Taplow's closing phases j Tkeodaxus Belgrandia 

ttuirg^inata^ Viviparus diluvianfiS^ Lymmum canfanius and Sphaenam jo/iuiifli 

had disappeared earlier, j? u ■ t, 

l^he maximum cold succeeded the lowering of sea-level following the 
Taplow Terrace* This is witnessed by the B^tula Moetf at .Admiralty 
the arctic vegetation at Admiralty Buildings, and especially by the Ponders 
End Beds in Esmx .126 These dark clays, later than or an integral part of the 
Flood Plain Terrace, extend at an average of 17 ft (5 m) below the 
marsh along the valley of the fjca from Ponders End to Stratford. Their 
molluscs, which include $uch boreal species as Columilla cctufnsHa^ Planorbis 
(irctidiSf Vertigo pareedent^ta, J^ntnia mfisromm var. and dwarfed 

individuals of species having a wider distribution, signify a July temperature 
of io°C or that of south Iceland or Lapland to-day; their mammalia 
indude mammoth, woolly rhinoceros and Dio'ostofiyx tenseh ; and their flor^^ 
bearing the impress of the climate of north Lapland, consists of a matted debus 
of Bftiifii and Sdtfx herbace^ and of mosses which are now either extinct 
in Britain or confined to the highest summits of Scotland. Disturbance by 
soliHuxion and river-ice and scratches on a mammoth's tooth ^&o testify to 
arctic conditions. These persisted throughout the Thames basin at this time 
since similar cold morJluscs occur at Lewisham,Flood Plain lerraK 
passes into trail (see p. ro8oi}i and river-ice occasioned minor faulting- 
The Thames had then probably a smaller volume since the springs frose 
most of the yHtr and its floor was occupied locally by marsh which in winter 
was buried beneath snow. 

The terraces likewise record the habitation of the valley by successive races 
of man. Abbevillean and Acheulian (Clactonian I and H) implements 
been extracted from the Winter Hill terrace between Caversham and Henley 
and the highest terrace at SwanscombCH^^^ Clactonian I la and tniddle 
Acheulian from the Bamfield Pit (— Boyn Hill cerrace)t ^^ 

grav^cls at Swanscombe, and from the Furze Platt gravels ^ 

head; broken and abraded Clactonian and Abbevillean from Dartford Heath 
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gravels**^; late Acheulian and early Moustcrian or midtUe Levalloisian from 
fiakei's Hole near Ebbaflcet^i^ and from the later part of the Taplow Terrace, 
wth working floors at Acton, Stoke Newington and over much oF north-east 
London—late Acheulian also occurs from the last interglacial horizon in the 
brickearths of Elvedon in Brcckland and in the Chiltcrn Hills; middle 
Mouetenan from above the Coombe Rock; Solutrean from the Flood Plain 
Terrace at Admiralty Buildings. WTiitchall; middle Aungnacian or Cres- 
ivcllian(?) from the Hailing stageand Magdalenian (= late Leval- 
loisian'^^ from the Pondera End Beds (below the plant beds) and the Flood 
Plain Terrace at Uxbridge and a few other places.'^® 

The relation of the terraces to the glacial succession north of the I'hames 
has been much disputed. The Kingston Leaf and Boyn Hill benches, which 
correspond to two low sea-levels and thus to two cold phases, were cut into 
the aoo-ft (6o m) platform before the ice arrived in Essex—the later of the 
two was contemporaneous with the glaciation of the Hornchurch section (see 
below). 

The icc of the Great Chalky Boulder-clay stopped short of the valley and 
sent tongues down the northern tributaries, e.g, the Crouch to the estuary', 
the Lea to Chingford and Finchley, the Brent to Hendun, the Coin to Wat¬ 
ford, I’his boulder-clay was deposited on the Ambersham Terrace (190 ft: 
58 m) and in the little valleys that had been cut into it'-™ and passes beneath 
Bte Boyn HillTerrace^^' at Hornchurch, Upminster and East Rumford which 
seemingly contained only Bunter-Jurassic material without any Scandinavian, 
Scottish or north English erratics(see p. 774). This relationship sug¬ 
gests that the Thames terraces arc later than this glaciation'^' in agreement 
with the early view- that the Thames terraces were " postglacial and with 
the deposition of a coombe-nock betrveen the Dartford Heath and the loo-ft 
(30 m) terrace gravels. It agrees also with the igneous erratics in the ter¬ 
races,including fragments from the Midland Valley of Scotland (the Boyn 
Hill Terrace is at least in places merely redistributed glacial outwash''**); 
with the outwash gravels, contemporaneous with the highest terrace at 
Crozley Green; and with the Levallois implements in the gravels overlying 
boulder-clay near Southend, l-*® That cold conditions preceded the gnuels 
of Dartford Heath and Swanscombe^'' is proved by the inclusion of Gryphata 
shells, derived from the Jurassic facies of the Great Chalky Boulder-clay, of 
numerous pebbles of metarnorphic and igneous rocks (including two of 
Cheviot origin), and of glaciated boulders and striated palaeolithst These 
undoubted derivatives from a till of Chalky-Jurassic facies may represent the 
glacial phase which made the North Sea Drift of East Ang1ia' 50_a bouldcr- 
clay below the main mass of the sands and gravels has been reponed from the 
1^3 \^ey neat Hertford 


The gravels of the Clacton-on-Sea stage,i 52 which are closely linked with 
the Lower Gravels of Swanscombe both faunistieally and cuIturaBv, have been 
shown on the basis of heavy minerals to be almost certainly later than the 
Great Chalky Boulder-clay, and by pollen analysis to belong to s warm- 
temperate forest penod (great interglacial r) with Eiephas antiqum Diceta- 
Thima, Bospnmiitttttu and Damn ciactoniana (=. Cetvm browni\ and mixed oak 
forest {AIrtui, Ulmus, Querati, Corylus) passing upwards into a period of 
declining warmth with a prepondcranoe of Abies. 

Those who reject this interpi^ation of Hornchurch and comparable 
sections place the Chalky Boulder-clay after the Taplow Terrace 
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terrace pass beneath boulder-cby or fluviogkdal deposits In Essex and 
implements like those of Swaxiscombe (including a Clactonian III implement) 
occur below boulder-cby near Hertford. They also find no glaciation in 
the I'hames valky before the Flood Plain Terrace and Ponders End 
This prcglacial *^ age of the terrace, anticipated by some of the earliest in¬ 
vestigators, accords with the contention that Britain^ like other regions, 
had only one cold period, as judged from its molluscan and mammalian fauna 
(aee p. 913). Thus the Cromerian fauna^ e.g, TrogoFitherium cuvteri and 
Mimomys, occurs in the highest terrace, as at Swanscombe (sec above); the 
Cromcrian (Upper Freshwater Bed) pliocoenia Owen is found at 

Grays Thurrockthe Elephant Bed” of Clacton v\ith its w'arm fauna 
{Efephas afttiqnus, Dicert>s megarMnus, />. lepiorhinus) and flop, including 
Canary laurel and Euphorbia kib^rnim (now^ found in the British Isles only 
in Cornwall, Devonshire and south-west Ireland), is an intermediate locality 
of Taplow l^errace and the faunal succession shows no sign; of a 

glaciation before the Po-nders End stage which corresponds, it is said, with 
the Arctic Freshwater Bed.*^ 

The gtat'cls containing the Swanscombe skull (= early-middle Acheulian) 
belong to the temperate interglacial bctvreen the Great Eastern glaciation of 
East Anglia and the cold phase represented by the Main Coombe rock of the 
Thames valley^*^^ (Little Eastern Glacier) which preceded the Taplow Ter¬ 
race aggradation. This U in accord with the mammalian, molluscan and 
floral ev^idence.^^^ ^ITie Slades Green trail is equivalent to the Hunstanton 
Boulder-clay glaciation and the loess horisions of Ebbsfleei are coeval with 

the last glaciation*^^ - j 

The middle Thames between Brentford and Goring Gap repeats in broad 
outline the same history but provides an additional terrace, the Iver Terrao^ 
between the Boyn and Taplow terraces.1^5 The terraces about Oxford, 
w^hich are a vital link by w^ay of Moreton Gap betw^een the lower Thames 
and the di ifts of East Anglia on the one hand and of the south-west and west 
country and the Midlands on the other, also confirm and amplify the sto^ 
of the lower Thames. The warm fauna {Etephas antiqttus^ E* itogouthenif 
Diceros ieptorkinus) of the Hanborough Terrace (with an unroljed early 
Acheulian or late Abbevilleari implement)—^this terrace is the cquiv^alent of 
the Three Pigeons Terrace of the Thames and the Silchester Terrace of the 
Kerniet—is also found in the upper part of the Summcrtow^n-Radley Terrace 
{IlippopQtmnm, Elephds antiquuSt Diceros kptorhinuSf Fe/w spehea, Corbicuta 
fluminalis with middle Acheulian or Micoqnean) but is followed in the 
lower part of this Terrace (— Taplow Terrace) by a cold fauna (mammoth, 
woolly rhinoceros, reindeer). Both horizons in the tcrnicc yield rolled Chel- 
lean and lower Acheulian implements and correspond to the Lotver Boyn 
Hill or Furze Platt ^Fcrrace and middle Bamfield gravels of Swanscombe. 
The amplification is in the establbhment of three cold periods, a first indicated 
by the Northern Drift and by the Coombe and Fr<^land terraces (which 
represent its outwash) and by striated erratics in the W'olvercote Terrace (the 
outwash equivalent of the Chalky-Jurassic Boulder-clay farther east^*®^ it 
contains abraded Chcliean), a second by the cold fauna of the lorver part of 
the Summertown-Radley Terrace (= Furze Platt Terrace), and a third by 
the ”trail” %vhich festooned the gravels. 

The Wolvercote Channel contains sands and gravels which reveal a com¬ 
plete change from warm to cold climate. The lower gravels enclose remains 
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of Elephas antiquuSr Diceros leprarMmiSf Csrtms etephnSf Bos pFimigenimf Bison 
prisms Equus mhaiius^ uc. a fauna similar to that of the upper horizon of 
tlK* SumTnertowfi-Radley Terrace, with abraded Chdlean and unrolled Leval- 
loisian implements^ The overlying trail has remains of arctic plants. 

W. J, Arkell^^ correlates the 0 .^ord, London basin ajid Midland succes¬ 
sions as follows: 


MiJiiind Drifls 
Litlk Welsh Ice 

Irish Sea Ice 

Avoii Tfrr,, 3 end 4 

Great WcUti lee \ 
Main Eastern Ice j 
Sjnitherheld Gravels 

Great Welsh Itt \ 
Main Extern Icc / 


Oxf^d 
Buried Channel 
Narthrntmr Terr. 
Prc-NonlimMr Terr, erosion 
'Siimmertcin'n T«T, 

Wqlverton Channel 
^WQlverton Terr. 

Morcton I>rift 

HanboitriJEli Tht. 

'Campden Timnel DriTi 
Cembe and Freeland Terr, 
.Northern Drift 


L^micn 


TBpInw W 

Rf 

Uite Boyn Hill 
Clacton 

Eiarly Doyn Hill 
Gnc^t Chall^' 
Bnulder-day 
SilcheatcT Terr. 



Gravel Terr. 
Older Drift 


Periods of low sca-kvel and erosion probably separated the intcrglaicJal 
epochs of high sea-Ie^ei and aggradation represented by the terractss, e.g. the 
Boyn Hill and Taplow terra^. 'ITicse low levels are shown by the benches, 
e.g. the Taplow Bench which is below sea-level in the Dartford area (see 
above), by descent of the coombe-rock and trail to below sea-level,*« and 
by the buried or sunk channels, of which three are known, viz. the Hedge 
Lane, Ponders End and Tilbury (Hackney Wick) stages,*™ all probably 
belonging to the lost glaciation (Upper Chalky Drift, Hunstanton Boulder- 
clay and Scottish Readvance ?), There was most probably a glaciation in 
the Thames valley between middle and upper Acheuiian*^* {= AcheuI ’V) 
corresponding to the boulder-clay in Breckland at this horizoti *^2 

Thetributories of the Thames,*™ c.g. Stour, Mole, Wey, Blackwater, lower 
Medway and Swale, corroborate the sequence of the main valley—the Tap- 
low' Terrace in the Mole is duplicated at 21 m and 15 m respectively The 
Clacton Channel deposits belong to the same interglacial as the loo^ft 
terrace, 


U and oAer terraces. The deposits of the Cam at Cam¬ 

bridge*™ (fig. 203) which succeeded a Chalky Boulder-clay—foreign erratics 
(Mdlstone Gnt, Cheviot and Scandinavian igneous rocks) betray this cold 
^nod m the gr^ls^how palaeontologically but one warm period ended 
by a cold one. m w;arm fa,^ of the oldest horizon, the Lower Barnwell 
Vdlagc Beds and EarrmEton Gravels (witli Corbkula f umimlis, Belprandia 
margmala, ^mo bnoralts, Hippopotamus and worn Chellean and Acbeulian 
implements) IS followed by the beds in Travellers' Rest Pit, which have 
few f^Msils and implements of Acheulian and early Levallois type and probably 
mark the oncoming of the LitUe Eastern Glacier, and in the Uooer Bam^ 
Viltag. B=d, by , oold period (£(,;*„ 

gut ssils Mousterian implements). M in the Thames, this cold period 
culminated in stiU lower beds (Barnwell Station Beds), with the addit^n of 

in Its percentage of arctic-alpine plants an even severer climate than in the 
valley-it has been suggested that the cold plants at Bamwdl and in the 
T.ca valley were washed down from higher levels*^ Pd-rd^ntli/ . 
glacial dep^it, of Barnwell Terrace age, has been discovere^THi’stS CJ 
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Cambridge. which is to be oorrelated with an immediately post-Eemiajt 
stage. It had a Carpmus dominance like that which on the Continent occurred 
immediately after the climatic optimum of the last interglacial.*"^^ 

Recent evidence sugg^ts that the Travellers' Rest Pit gravels may be the 
oldest in the district and that the Barnwell Villi^ gravels and possibly the 
Barrington Hippopotamus beds are yotingtr and belong to the last interglacial 
epoch (Kingp 1955)- 

Accumulations in the Great Ouse basin *80 also reveal by the contained 
erratics an early glaciation and by their fauna a climatic worsening from the 
warm species {Corbitula JluminaliSf Hippopotamus) which lived in the trans¬ 
gressing Marcb-Nar sea (see p. 1007) to the cold climate of the lowest levels. 



TRAVium mr 


Fic- 203.—Disgniminatic conipmiic teetkm of the lemcei of the Cam at CambridRC. 

Rp. B.A^ App. p. 16, fifi. 5 - 

9. Lower Terract: hue imd ailt with poorty miirked golihiuciofi band C&j). 

5. l^Oftms and i^ni^'ela with eold fauna and folifliuiofl band {Sj). - , , 

7r Middle (jravcls with wnim fauna and late Claotcm-Lcvislroif-Acheni inJusitr)', 

6. lnEen$laeial aagnidatEon ijrawls. S|. Solidinion band with frost cnidts &nd polygonal 
soil forma <jf Upper CbulltY ^uldcr-clay 8@e- 

5. Upper Chalky ^ulder^lfly in lenses. 

4. L^s-kmm. ...... * i_ * a 

3. Uneven-bedded series of Timvetlew' Rest Pic. with rolled kwer pakeoliEhic toob and 

cold fauna. 

2. Lower cven-bcddcd «rio of Travellers' Rest Pit, with erraUcfl denved fiom L>wer 
Chalk)' ^uldcr-clay. 

I, Gnult with surface nicked by iludginff- 


At Biddenham near Bedford, the 40-ft (c. la m) graveU vsith the famous 
middle Acheulian implements rest in a valley cut into the Chalky Boiilder- 
clay, thus reproducing the Hornchurch and other sections of the 1 hames (see 
above) and agreeing with the evidence at BreckJand,^®^ in the Midlands,^ 
and in the Oxford district*®^ where the valleys were similarly cut before the 
deposition of the middle Acheulian gravels* 

'Fhe Warwickshire Avonl®^ likewise shows a cold climate represented by 
fluvioglacial spreads on the highest ground a series of well* developed 
terraces, the highest terrace (No. 4) enclosing a warm fauna (CorAiru/a 
/luminalis, Vnio Belgrandia margituita, Hippi^tarnus, Elephas anti- 

quus) and late Acheulian or Levalloisian implements, followed by a No, 3 
terrace with Hippopotamits, E. antiquus (possibly), Unio iittaralis and Bet- 
graifdio jnaTgumtii and a lower terrace (No* 2) with a cold fauna (mammoth, 
woolly rhinoceros, reindeer). This is the equivalent of the Alain Terrace 
of the Severn which contains Scottish and Cumbrian erratica and remain of 
mammoth and w'oolly rhinoceros and includes the outwash of the New'er 
Drift. Above this terrace in the Severn is a higher, Kidderminster Terrace 
(= terraces 3 and 4 of the Avon), with Etepltas antiqms and Acheulian imple¬ 
ments—it grades with a 65 ft (f. 30 m) sea—and below it a lower, Worcester 
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Terrace with the cold mammalian fauna^^^ ivhich is the first terrace to be 
traced on the upstream side of the Ironbridge Gorge. 

The Severn and Avon were throughout the ice Age the principal lines of 
drainage from the ice-front and during the later stages (see p. 1x99) also 
received waters from the upper Se^'em that should have gone to the Dee and 
Mersey. For these reasons, the valleys are considerably overdeepened'** 
and the sequence of changes, based upon physiographical evidence, is 
generally unsupported by fossils or implements. The Woolridge Terrace, 
the highest in the Severn, contains Bunter pebbles with some flint, Croft 
syenite and possibly North Welsh erratics which suggest that the gravels are 
either fluvioglacial or derived from earlier glacial deposits. 

The terraces of the Trent,which contain flints and therefore are new'er 
than the Chalky Bouldcr-clay, are in general agreement with those of the Avon. 
Thus the high-level gravels of Upper and Lower Hilton (go ft and 40 ft above 
alluvium) may be correlated respectively with No. 4 and No. 3 terraces of the 
Avon and the Beeston terrace (30 ft above alluvium) with No. 2—they contain 
implements ranging up to Levalbisian and late Aclieulian; the Allerton 
terrace of the Denvent'** suggests both by its level and its hippopotamus that 
it bejongs to No. 3 terrace. The lowest terrace of the Trent, with its E. 
pnmigetihts and Ticfiorlmm antiquifgtis, seems to be the equivalent of No. 2 
terrace of the Avon and probably of the lower terrace of the Tame. 

In the area between Coventry, Rugby and Leamington in the Midlands of 
England the following succession has b^n established'**: 


Newer Drift 


3, River-terraces of the Avon which fall to the south-west and cross 

the plane of the base of the older drifts. 

Older Drift 

4, Dunsmore Gravel and Chalky Bouldcr-day. 

3. Walston Scries, which consists of stoneless clay or clav with only 
occasional pebbles and was deposited tn '‘Lake Ha^ison" face 
p. 1190). ‘ ' 


2. Bagington LLllmgbn Gravels, deposits of interglacial streams, 
which E^hat antiquus, E, primigmius, Bos primigenitts, 

tqum cabflm, Rmgifer tarandus, miorM»us antiqtdtalis. Siis 
strofa ^6 Hyam^ ^ra. The Bagington type has Bunter 
^ter^ ody. while the L.|hngton type has Jurassic material also. 

I. BubbenhaU Clay, a very early drift which fills a preglacial valley 
lallmg to the north-c^t, a j 


South coast vaUeys. Rivers and marine beaches in southern England 
repeatthe stoo' of Je 1 ham« ^d the rivers just mentioned; the equivdente 
of the Boyn Hill and upper and ower Tapbw terraces have 
in the Axe, Otter. DartTid Bovey-TeigndW The Sbh«t PllT 
in the Hampshire Avun,'*> -^ich yieSf 
Acheulian by a cold period Sid was flowed bj 

.he (4-)Boy„ Hill 

(especially Acheul III)—other terraces occur at 300 ft fr 02 m- Sbni^n rf 
250 ft (r. 76 T"; Upper Ambersham Terrace), ft AmbeiS^ 
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Terrace). 165 ft (c. 50 m; Sleight Terrace), 90 ft (c. 28 m; Upper Taplow 
Terrace), 50 ft (c. 15m; Taplow Terrace), 41 ft (c 12 5 m: MuacHff Terrace) 
and 23 ft (c. 7 m; Christchurch Terrace). 

In the Portsmoudi terraces at loOj 50 and 15 ft (30, 15 and 4-5 ny 

grade into marine beaches. The terrace ha$ a warm fauna with. 

Acheulian jntplements, e*gK at Portsdown and Goodwoodp the 50-ft terrace 
ha$ a cold fauna with Mousterian and rolled Acheulian implements (this cold 
horizonis traceable to Brighton, Aldrin^on, Portslade-by-the-Sea, and 
into Hampshire and the Isle of Wight), wMe drift erratics from Sclsey to 
Lee-on-Solent (see p. 1097) and gravels with mammoth and reindeer down 
to —50 ft (15 m) distinguish the lowest level. 


(d) Intergiacial AcCwmirlof lOrtJ 

Marine accumiilationa, mostly gravels, occur in England both within and 
without the glaciated area^ ’'I'hose without ate found at West Wittermg _ 
(Sussex), Ilfordl!^ (Essex) and (with Corbimk fiummaUs) at Middle^ayi^^ 
(Somerset)^ those within at Clacton —the associated flora at Clacton 
and West Wittering signifies a dry, warm climate—Wnodston^ 
borough), Marchand the Nar valley, Mersea Island (Essex), Kirm- 
ington 2«»4 (Lincolnshire), Kelsey Hili z^^ (Holdemcss) and in south Wales and 
south Irel^d (see p. 1252)* 

South coast. Along the Sussex coast, as at Selsey^ Goodwood and West 
Wittering^ marine muds with molluscs of a southern type associated with 
CorbittiUi JtuminaliSj Hydrabm fftarguriin and the soutliem European maple, 
were preceded presumably (direct superposition cannot be proved) by a sea 
with drift erratics (see p. 1097) and followed by the recurrence of arctic con¬ 
ditions of the Brighton coombe-rock and mammoth. W bile archaeol^i^ 
evidence distinguishes between a 90-ft (28 m) and a 135"ft (4^ ^n) beach, the 
two appear to mark the period of rising sea-lcvcl that caused prolonged 
aggradation in the southern rivers during Clactonian-middle Acheuhan^ i.c- 
100-ft (c, 30 m) terrace time. The loo-ft beach (Tyrrhenian) contains 
middle Acheulian, the 50-beach (Main Monastirian) no implements as jet, 
and the is^a 5 ft (4' 5 ^ 7'5 m) beach (late Monastirian) hloustenan or 
Lcv^alloisian.^o? Three horizons of coombe-rock overlie the 100-ft (30 m) 
beach, two horizons the 50-ft (15 m) beach (which occurs at Portl^d ^d 
Sclsey), and only one horizon the i 5 “ft ( 4 'S 7 ^) their sohniixiqn 

conditions marked the times of glaciation and falling sea-level3+ 

March graveU. The March gravels, which contain Jurassic fo^ils and 
erratics apparently derived from the Chalky-Jurassic Boulder-dayj arc 
current-bedded, flint gravels of variable thickness and character that cap 
isolated hills of Kimmeridge Clay and till in the Fens. Their commonest 
shells are M^fonta halthka, Cardium eduk, Tum'Ulla ferebttt, L 
nuedmim midatuffu Mytilm adults and Umrina htorea (with derived 
jluminaUsY a marine fauna which lived in 5 15 fathoms in a colder INorth bea 
like that off Denmark or south Nonvay to-day though a few she! ^ndicate 
a warmer sea. The gravels are survivals of a much-denuded sheet w hich, 
of the age of the Hessle graveland the warm bed in the Cam at C^bndge 
(sec p. 1004). was laid down intofiflscially 3S ssiitd blinks in »i March—, ^ 

(see below), probably the last interglacial, though their shells include no 
'• Lusitanian ” forms and are referable rather to the Skaeruinhcde series than 
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to tlie Eemian.^ 1 ^ ITiey succeeded the Great Chalky Boulder^^cby, preceded 
the Chalky Drift and are probably late Levalloisian in age.^^^ The solihuxion 
deposits overlying them have been referred to tlte Hunstanton or a later 
period.^i'* 

Nar valley brickearths. The Nat valley brickmths, traceable from 
Narford to Wailmgton in the Nar %'alley, contain Tumietta communu^ Lit^ 
torina iitoFta and Ostrea edulis {Cork'aila Jluminnhs at Kings Lynn) together 
with the fauna chmtde and remains of mammoth, wooUy rhinoceroi and CertT^ 
et^has and with Chellean^ Acheulian and Mousterian implements. These 
bluishp sandy clays, to judge from the height of the loca]itie3 and the nature 
of the shells^ arc the deltas which the Great Ouse^ Cam and other rivers built 
into the sea that submerged the present Fens and Wash to a depth of jO-50 ft 
(9-15 m) ^ They mark a period of aggradation when the marine gravels, 
20 ft (r. 6 m) thick under the till at Eyc^^^ near Peterborough, were accumu¬ 
lating; this is shown by the nature of the gravebp by their perfectly preserved 
shells, by the drift wood and by the big^ hat slabs of Oxford Limestone bored 
by Photas. 

Kirmlngtoii. The Kinrungton beds repose in a sheltered valley in the 
eastern foot of the Lincolnshire Wolds at r. 100 ft (30 m). Sandwiched 
between the Purple and Hcssle boulder-clays or between the lower and 
upper Purple boulder-clays they constitute an undisturbed seri^ of 
estuarine and freshwater t^ds overlain by a thick gravel of large^ well-worn 
flints. Pheir laminated loams and sands or muddy silts and mar^h plants 
denote a subatctic climate. With their indigenous and perfectly preserved 
shclb {Smbicularia ptperata, Hydr^ia uhae, Cardium ^duk, Mactra sub- 
Mytdus £‘dulis^^ thin estuarine forms of Tetlina balilca^ foraminifera 
and homs of Cfttt’uj CarbiculaJlumiaahs^ known elsewhere in north Lincoln- 
shircj has not been observed here^and remains of plants including spruce, 
they form an important interglacial horizon* Though tentatively assigned 
to the lateglacial^o or a subordinate episode of a single gbdation^ii—they 
have been regarded as a transported raft—or to a narrow glacier-lake the 
horizon is usu^dly inte^rcted as truly interglacial .323 ^ contains upper 
palaeolithic jmplements.224 


Kekey Hill gravels The Kelsey Hill gravels consist of coarBe gravel, 
fine shingle and current-bedded sand, the whole totalling So ft U 24 m) in 
thickness They wntain numereus erratip (perforated by Pfu>iL and sL- 
cata) and worn broken shells of Cotbicula jlumtnaiis fextremelv olcntifui 
and occurring signifi^dy where the Humber breach^ the Woldsl and 
many marine species, including the .varm shells CyiheHa efiione and 
gajbna. They also enclose early Mousterian implements 22S and remains 
of mammo^ woolly rhinoceros, reindeer and Bhm pmeu,, some marked 
by teeth of hyaena. 

These marine gmvels, which like those of Binstwick rest in hoUows in the 
Purple prabably mcoiporated by the ice in its last advance, 

possibly « ouh^h. They are older than the Hessle Clay and doubt ess 
equivalent to similar gravels tra^ble round most of Holde?nes3.22v ^i^oueh 

they have recently been regarded as subgbcial in origin.^^ ® 

All the marine beds mentioned in this section were probably contem- 
poraneous 23 l ; they point to a submergen« of eastcfii and southern Endand 
to a height of SO-I® ft (15-30 m); Kelsey may have been an interglacial 
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Spurn Point.Why there were no signs of submergence in the Vale 
of York and Vale of Trent long remained a mystery—the plains^ it was 
5 ugge£ted ,233 were then occupied by ice* The problem has now been solved 
by the discovery^ of stran^ines in the form of gravel patches at c. too ft 
(30 m) on die Aanks of the Vale of York skirtiiig the Pennine Chain and the 
VVolds, e,g. between Tadcaster and Doncaster and at se%'eral places between 
Market Weighton and the Humbetp south of the Escrick moraine (see p. 1193). 
The lower ends of the diy' valleys are at about this level, and at Doncaster &e 
Don has deposited a delta of this datc^ The Leeds (Kirksttll) hippopotamus 
(see p. 792) and the hippopotamus in the Trent gravels (see below) may be¬ 
long here. A similar beach occurs east of the Yorkshire Wolda,^^^ A later 
level occurs at 25 ft (c* 7 5 m) O.D. R, G. Carruthers,^® however, regards 
the so-called beach around the Vale of York as hill wash poured on to the 
margin of a residual ice-mass, the York and Escrick moraines as buddings of 
recently released subglacial detritus, and the lacustrine clays outside the 
Escrick mondnes Os subgbeial and washed remnants of former lenses or beds 
of tilL 


(e) Extent of Deglacmdan 

A widespread retreat in the British Isles^ amounting possibly to complete 
deglaciation, is implied by the “warm" river-terraces and marine deposits 
of the south and east of England, described above. Certain other evidence 
which we may now briefly examine also suggests it. 

A temperate flora has been gathered from Pleistocene deposits at Stoke 
Newington, Wolvercote^ Hitchin and StacklewelL At Brandon, Norfolk 
gravels which rest on Upper Chalky Drift and are overlain by a glacial deposit, 
possibly of the age of the Hunstanton Boulder-clay, contain early Acheulian 
implements with molluscs and mammals indicating open grassland and a 
warm climate. Temperate seed-bearing peats near St. Bees^^^ have been 
disturbed and contorted by an ice-thrust from the sea (Scottish Readvance). 
The beds of peat and vegetable matter, up to 25 ft (r. 7-5 m) thick and 
hundreds of yards long^ In though claimed to be intcrg!acia],^^i 

are apparently postglacial. 

Other deposits which may he interglacial include the black, carbonaceous 
matter in moraines 3 miles (r. 5 km) south of Camforth^^* leaf-clays with 
plant debris and roots below boulder-clay at Crew’e^"*^' beds vdth plants and 
hippopotamus in Trent gravels near Derby^^s- loess, up to 12 ft (t. 3 ^8 m) 
thick, containing molluscs and renting in ftsstirets and hollows in the Magnesian 
Limestone and in depressions in pure Scandinavian drift at Castle Eden Co. 
Durham.^^ The deep decay of many of the bouldcr$ in this drift also 
demands a prolonged period of exposure to atmospheric w^eathering.^^'^ 

The mammalian evidence is particularly significant ^ (figs. 205). One 

or more members of the southern trio (Hif^potinaus^ Ehphm imtiquus, 
Rh'ttoco'Of leptoritinus) have been found in Lincolnshire (Burgh), Holderness 
(AJdborough, Bridlin^on, Kelsey), Vale of York (Bielbeco, Leeds), Yorkshire 
Dales (Raygilh Victoria Cave Settle), Staffordshire (Manifold valley), 
Lancashire and Cheshire (Adlington, Blackpool, Coppenhall) and in the Vale 
of Clwyd (Cefn cave). The cave forms (cave lion, cave hyaena, cave bear) 
have a similar distribution; for one or more of them have been found in 
Holderness (Barmston, Bridlington, Hornsea), Vale of Y'ork (Bielbecks), 
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Yorkshire Dales (Moughton, RaygiU, Victoria Cave) and Vale of Clwyd (Cac 
Cefn and Fynnon Beuno caves). Mammoth and woolly rhinoceros, 
either alone or together, have a wider and even more significant distribution 
in drifts and caves as far north as Scotland and as far west as Ireland. The 
localities include Durham (West Hartlepool), Holdemess (Brandesburton, 



FiO, 204^—Map of EngUnd and Wain ahowin^ intersIdcuU 
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Bridlington, Elloughton, Harswell, KcUcy, KilnscaV Vak of York 
Cayton Gill, Fulford, 0 %H:rton), Yorkshire Dates (Norwood, Rayeill RiDlevi’ 
Lancashire and Ch«hire (Adlington, Marbur^v Northwich! RvinSrn sS 
bach, Bolesworth. Warrington, Wallasey), Vale of Clyw-d (caves mentioned 
above), Midland \alley of SeotJand (sec p. S09) and Ireland (sec p S™) 

The remains of the wld duo in Scotland and Ireland, like those'iHrandi- 
navia (sec p. 963), doubUss belong to an interglacial agc,M^ though one still 
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moderately cold, as the Pec ten isIandictiSf Tellinii eakarea and Leda oblonga 
associated with them at Kilmaurs^*^ seem to imply. Yet true interglacial 
deposits, the beds of Bcnholm,^^ Xlncai'ditieshire {= sands, gravels and 
peats at 6o m and l-J- miles (2-^ km) from the sea between grey basal boulder- 
clay below and red Strathmore till above), are rare in Scotland* they include 
(fig. 205) the mterglacial fossiliferous beds (possibly lategladal or later^J^j 



Fig. 205.—Map of the intccgladal and intratadiaJ kN?aUti«fi in SentUnd, 
Mammoth p Drfghom (D), Kilmdura (Ki), Chnpelhall (Ch), Headv- 
wood (H); i^'oolEy rhiAo^m, BLahjopbriggs (&i)h reindeer, Gtugow(G), 

Carlukb (Ct)^ InchiuidaEnph (I)? plants, Kilmaiurs (Ki), Chap^b 
haJJ (Ch>, Hailes & Rcdhitl quarries, Ettinbnrgh (E), Bcnholm (Bt); 
palacnUtlu^ Comric (C)j marine btd% Kintyre (K), Arrni (A)> CU™ 

(Cl), Butt of Lewi] (L). 

of Red Hall quariy and Hailes Quarrj' near Edinburgh, of Chapelhall near 
Airdrie, and of Cowden Bum, Renfrew'shire, and the reindeer remams of 
Glasgow.^ The fauna in the cave at Tnchnadamph, Sutherland which 
embraces arctic fox* bear and over 400 young reindeer and is associated with 
horn implements, charcoal and human skeletal remains said to be Magdalenian 
or earlier, is veiy lateglacial t the cave was uninhabitable until almost the whole 
of the Scottish Highlands had been liberated^* (Allerdd period). 
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Interglacial conditions In Scotland may also be indicated by the complexity 
of the ice-movements revealed for the east of the country (see p. 756) 
and by the derived peat, found in places in moraines of th^ Strathmore 
ice in the Aberdeen district,^^ Despite claims to the contrary»^® no 
human implements had been found in a Scottish Pleistocene deposit until 
recently when a sand and gravel layer, overlain by till near Comrie^ 
Perthshire, yielded an o’^'rI flake of Lcvallois type.^^ 



Fic, M50.—Map of l^d showing uiterglici*! (X) tod Jatealanifll f A> 

of PIcutoMne ( +) and \mm of newor ddft 

and sCuga [Last Kiagc in black). 


Irish interglacial deposits occur in Co. Antrim, at Gort, Go Galwav ^ 
where they consist of a soil Scotch fir and spruce and haze! nuts buried 
under 20 ft (6 m) of tiU, and of probably Mindcl-Riss age, at Ardcavan Co 
Wcxford,and Kilbeg, Co. \Vaterford,2« Pcato in the tSft of ^ ‘SoKWr?’ 
^ Galway and of Uix may also be interglacialweathered depo 3 ; 
below the Rjss drift at Nen^town, Co. Wexford, may nspresent the MhTdel 
glaciauon and have supplied erratics to the infraglacial beach Gsm.me 
palaeoliths hp yrt.to be found in IreW Th^ ^iS are Se 
natural, from Killing Bay Co. Dublin, and the raised beach and other 
deposits in Co. Aninm,»J or of uncertain age at Rosse's Point, Co. Sligo.^M 
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The human skeleton from Kilgreany^ Co. Waterford^ though claimed to be 
upper PalaeoIitiiiCp^^ is apparently Neolithic,^ 

An interglacial recession is implied by the palaeoliths (or pieces alleged to 
be such) within the area of the Newer Drifts e.g. from Settle (Victoria Ckve)p 
Eskdale, Nidderdaltp Bridlington and other Yorkshire localities—middle 
Acheulian, of presumably Mindel-Riss age, been found near Doncaster ; 
from gravels above the Scandinavian drift of the Durham coast and from 
the drift of Lancashire and CheshirCp^™ North WaleSp^Ti Lincolnshire 
(Kirmington) and the Isle of Man^^ where an interglacial marine horizon lies 
beneath the drift plain of the northern part of the island. 

The interbedded marine clays of Scotland, all peripheral to the Highlands, 
are probably also interglacial. They include those at the north end of the 
Isle of Lewis,™ with such w-arm sheds as Ocenebra trinacen and Sipho 
jeffreysianus ; tliose up to 100 ft (30 m) or more about KilmaurSp Ayrshire (see 
above); those beneath moraine in Arranand those in situ at *35'199 ft 
(4I'6 i m) in KintjTc^^* which represent a submergence of 100 m. In the 
most celebrated of all the occuirencest the marine clays with shells, many 
entire and w^ith epidermis intact, lie beneath 45 ft {14 m) of rill 5cx> ft (c, 150 m) 
A,S.L. at Clav-a in Strathnaim.^^ They were possibly conveyed from pre- 
glacial marine clays about Invemess,^'^^ though such transportation is irre¬ 
concilable with the extraneous nature of the bulk of the enclosed pebbles and 
w ith the known ice-movements. More probably, they' are in situ and denote 
an interglacial submeigence^^^ of at least 500 ft (c. 150 m) in this part of 
Scotland—the waters may have restricted the mammoth to the country south 
of the Forth and Clyde.^^ 

3. Succession and Coirelationa 

The disentanglement of the British succession is extremely difficult. In 
the reconstructions tvhich have been attempted ^ onCp^^ two,^^ three or 
four^s^ glaciaiiona have been recognised. A correlation of the horizons in 
the several British areas where they arc best developed is set out in the sub¬ 
joined table. It is by no means unimpeachable or without its difficulties or 
inconsistences. 

Oldest drifts. The oldest drifts, all probably roughly contemporaneous. 
are the Norwich Brickeartii of east Norfolk (see p. 766), the Drab Series of 
the Basement Clay of Holdeniess (see p. 763), the Scandinavian Drift of Co. 
Ehirham (see p. 749), the derived erratics in the southern terraces (see 
pp. 1002 p 1004), and the Plateau Drift, with its Scandinavian erratics, of the 
upper Thames (see p. 629). The peculiar lithology and the characteristic 
boulders of the Scandinavian Drift differentiate it from the later boulder- 
claj-s. It is frequently decalcified and weathered and eroded into outliers^ — 
the valley system of East Anglia was cut through it (see p. 99a); W. S. 
Bisat^®^ in a dissentient view^ places the Basement Clay in the Newer Drift or 
the opening phase of the third glaciation. To this early age also probably 
belong the low^er till of Northamptonshire, the Bubbenhall clay of the 
Coventry, Rugby and Leamington area, all of which are in a fragmentary^ 
condition because of the weathering w^hich toot place during the great 
interglacial epoch which followed.^ 

At this time, ice existed in the North Sea, in Wales (First or Great Welsh 
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Drift) and in the hiidlands (Pennine Ice) and the Welsh and Pennine ice 
were confluent in the Midlands (see p. 774)* 

Newer Drift and its equivalents. The Newer Drift, which has been 
generally thought to include the Hunstanton BouJder-cUy and the tiessle 
Clay (cf. p. 1214) and the till and associated deposits of the country within 
the *' Vork Line", has been correlated with the !Mousterian^®® but is probably 
early hlagdalenian.^®® Thus, while the late-palaeoHthic stations of Britain^^ 
occur outside this line (“Bristol Channel-Wash Line” of the early archaeo- 
logists^si), c,g, in Kent (Hailing), South Devon (Kent’s Cavern), Somerset 
(Cheddar, Aveline’s Hole), Pembrokeshire (iMonkton, Hoyles Mouth), 
Lincolnsliire (Shefbeld’s Hill, Willoughby, Risby Warren), Norfolk (Wang- 
ford Warren), Derbyshire (Creswell caves) and in the Midlands (Ancaster, 
near Birmingham, and Coventry, and south of Warwick), there are neither 
Pleistocene mammals nor palacoliths on the surface of the Newer Drift^®^: 
they were early thought to be excluded®^ by a glacial sea, the glacial cold or 
by ice. Any upper pabeoliths within the " York Line " are cither found in 
caves or buried or enclosed by the Latest drift (see above). 'I’hus early 
Moustcrian implement3^’>4 have been discovered beneath the Hessle Clay in 
east Yorkshire and in gravels at Hessle and Burstwick betw'een that clay and 
the lower Purple Boulder-clay; the latest cultural stage before the Hessle Clay 
was early .Aurignacian^ Aurignacian and Solutrean implements occur in the 
Flintshire caves,®'E* Fynnon Beuno and Cae Gwvnj Aurignacian and 
Proto-soIutrcM remainsare found inPaviland^®*(southWales), withabundant 
horses indirative of Aurignacian age—Magdalenian la absent from the above 
ca>es, Aurignacian and late-Levallois implements occur in the raised beach 
at Morstoni ’7 (^ee p. 77^); and upper palaeoliths^ss are embedded in the 
uppemost till of Holdemess, at Kirmington and in the Hunstanton 
Boulder-day. 



U n■ V ovuoiii., ^im, upcnurch, Dover, Folkestone, 

H|^ng Coxton), Berkslure (Chilton), Essex (Chelmsford) and the Isle of 

sohfluxion deposits of the Midlands the 
head , upper Coombe-rock and arctic beds alont^ thp 
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Great Chalky Boulder-clay, One of the mo^t critical horizons in the 
British succession is tlie Great Chalky Boulder-cby* It is prevalently held 
that this preceded theChellean (Abbevillean paAly because of its relation¬ 
ship to the Thames terraces at Hornchurch and Upminster (see p. 1002)+ 
Yet this may be incorrect since like the Cromer (at Sidestrand) it 

encloses Chellean implements, e.g. at Biddenham^*'* (Bedfordshire)^ and the 
gravels beneath it, e.g. near Rickmans\vorth+ 3 ^^ contain Chellean^ early 
Acheulian and early Clactonian implements. The interglacial which 
separated it from the Upper Chalky Drift, e.g. at Derby Roadp Ipswichp at 
Hoxne and at High Lodge^ is the main horizon for certain t)pes of Acheulian 
and Clactonian. The Upper Chalky Drift followed an interglacial epoch 
during which the Great Chalky Boulder-clay and overlying out wash were 
eroded and shallow valleys became occupied by sands and gravels (Bacton 
Valley Gravel). 'Fhe drift encloses early Le\'alloi$ implements ('* early 
Mousterian*') and followed the late .Acheulian. The Cannon Shot Gravels 
which interdigitate with it contain unrolled artefaets^is Clactonian and 
.Acheulian, Late Acheulian occurs abo%^e the Great Chalky Boulder-clay at 
Ipswich and Mildenhallp^*'^ or with advanced Clactonian or early Levalloisian 
has been extracted from the Upper Chalky Drift or preceded this drift at 
High L^odge and Elvedon.^^^ This drift, e.g* near Ipswich^^^^ is always 
definitely earlier than the upper MousteriaUp Aurignacian and ^olutrean. 

While some of these identifications of palacoliths are probably untrust- 
vvoithy and probably all need a critical revisionp they seem eonsistent with 
the view^ that the Great Chalky Boulder-clay is middle Acheulian in age and 
corresponds to the Wolvcrcote Terrace of the Upper Thames and the Main 
Coombe Rock of the lower Thames (see pp. 1003+ 1081)- It is of the same 
age as the Purple Il[}ulder-clay of Holderness and east Lincolnshire—the 
difference in colour and content is related to the overriding of the Chalk 
Wolds.1 Those who recognise a Lower and Upper Purple Clay (see 
p. 764) equate these with the Great Chalky Boulder-clay and Upper Chalky 
Drift *322 Presumably the Great Chalky Boulder-clay is also equivalent to 
the older drift" of South Wales and southern Ireland^ though this has 
been equated to the last glaciation. 323 

It has been thought 324 that R. Al. Deele>^'s Pennine Ice of the .Midlands 
was the upstream part of the Chalky Boulder-clay ice of East Anglia and that 
the Chalky Boulder-clay of the .Midlands was coeval whh the Chalky Drift 
of East Anglia. 

Interglacial horiieoiis. The Cromer Forest Bed^ (Occasionally stated to 

be preglacial ^25 transitional between the Pliocene and Pleistocene^32.6 
generally deemed to be interglaciaU^? to lie between the glacial epoch 
represented by the Red Cragi. Weybourne Crag and Arctic Freshwater Bed 
on the one hand (sec 599) North Sea Drift on the other. The 

equivalent of the 45 m terrace of the Somme (see p. 125S), it is usually made 
coeval with the first of three interglacial epochs, 328 the Chellean interglaciap 2^9 
(to which may also belong the warm trio on the Sewerby beach beneath the 
Basement Clay of Holdemcss), though the upper part has occasionally been 
thought to he middle Pleistocene 330 (MindeLRbs or Mindel 1-2)1 a date 
which seems to follow the adoption of Haug's definition of the base of the 
Quaternary (see p. 600) and the presence of cold forms in the Forest Bed. 
'Phe Nonvich Brickearth was eroded from north Norfolk, The generally 
accepted reference to the early Pleistocene, though apparently sustained by 
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field-rektioriahips, and by the Villafranchian fauna of East Runton and 
Sidcstrand, leaves tinexplained the early appearance of certain members of 
the cold fauna (cf. p. 995)* doubtful whether, as has been suggested,^^^ 
these were merely migrants from a cold region. The fauna is clearly a mixed 
one—it contains four species of elephant, such as no other European locality 
records. 

The Cromerian implcments^^^ found on the shore at Sheringham, West 
and East Runton, Cromer, West Mundesley and Ovcrstrand, are ochrcous 
or orange-browm artefacts, often striated as at East Runton. The tools are 
usually made from hcav7 flakes but include rostrocarinates and crude 
Abbevillean forms; seven periods of artificial flaking^is have been dif¬ 
ferentiated. The provenance of the implements is uncertain: tliey have been 
referred to the Cannon-shot Gravels,^^ to the drifts above the coast,^^^ to the 
Bacton Valley Gravel, or to the base gravels or hard, cemented ferruginous 
sands of the Cromer Forest Bed itself.They are remanic in the overlying 
till, e.g. at Sidestrand,^!^ and in the Middle Glacials (see p. 771), The 
Cromer Till has also yielded a typical Abbevillean hand-axe, presumably 
derived. ^ 

ITie “Middle Glacials" (Corton Sands) of East Anglia, probably Abbe¬ 
villean in age, may be correlated with the upper terraces (140-100 ft) of the 
upper Thames and the Dartford Heath gravels in the lower Thames. 
They have yielded rolled and striated Abbevillean and other lower palaco- 
hths,J 38 mostly Clactonian flakes—the Ipswnch skull, thought to have been 
of this age,^^s is now regarded as of no antiquity. ■Wo 
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The middle terraces in the Tham^^ Severn, Avon and other rivers which 
record the ousting of the fawie chaude by a cold fauna are manifestly inter¬ 
glacial and contemporaneous.^^ Thcir human cultures link them with the 
lake-sites or Hoxne interglacial. Some interpose a gLaciation between the 
loo-ft. (30 m) and 50-ft {15 m) terrace in the Thames,^^ or relegate this 
interglacial to the **Middle Glacials” (as Riitot^^ anticipated), and to a 
position bebw the Great Chalky Boulder-claythe boulder-clay at Up- 
minster^ etc., in this view being an outlier of the North Sea Drift.The 
Clacton flora,^ which is not that of the Cromer Forest Bed, may belong to 
this horizon: it reveals the middle and later parts of a climatic cycle in w^hich 
the mixed-oak forest is succeeded by a coniferous forest of Aides and Picea^ 
trees not natural in postglacial Britain (see p. loca). The Clacton interglacial 
is also probably that of the Lower Gravels at Sw'anscombe tvhich tvas suc¬ 
ceeded by the Middle Gravels at Swanscombe with an extinct species of 
Alfcrolus and a lemming and was the equivalent of the Dutch Drenthian— 
both contain Dnina rlactmiorja and a closely allied Clactonian flint industry. 

The great interglacial is the period of stupendous fluviatile erosion in the 
Thames and Ouse and in East Anglia and the Midlands (see p. 1005). It 
preceded the Boyn Hill Terrace of the Thames. 

The Aurignacian caves of Cae Gw^^n^ etc^, in north Wales may be Riss- 
Wurm, though they also have been assigned to the Wiirm 1-2 interval by 
those who bracket the Older and Newer Drifts of south Wales with these 
horizons.^ The third Welsh glaciation (sec p* 774)* like the Athdown 
glaciation on the other side of St. George's Channel (see p. ySr), was later 
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PLEISTOCENE STSATICRAFHV 

^an the Irish Sea glaciaticni of the ice of the Newer Drift bv at most an 
interstadial 

The fonnations along the south coast of England have been linked with the 
Alpine scale as follows(although they do not agree altimetrically w'ith the 
Thames terraces): Goodwood and Bembridge beaches, Mindel-Rissf Patella 
beach, end of Biss; Trebelhcrick blown sand and Barnstaple and Portland 
beaches, Riss-Wiinn; and Lower and Upper Head, Wunti. The beaches of 
TOUth VVales (sec p. 1253) may perhaps be correlated as follows: Patella 
beach, Gunz^Mindel, I\'eritoides beach, Mindel-Riss, Hcatherslade beach, 
RissAVurm. The Palelfa and Meriloides beaches have both been recently 
placed in the Mindel-Riss (D. Wirtz, 1954). 

W, B. Wrightequated the deposits and glacial succession as follows: 


Wurm; Flood Plain deposits, trail and buried channel. 

Pif!-lVSrm: 15 m terrace of lovicf Thames—warm Mousterian. 

Rissr Main Combe rock: York Line, early Levalloisian. 

Mmdel-Rtst: 30 m *cmce of lower Thames: Hoxne and other lake sites; 
Llactoman II and HI and Middle Acheulian. 

Mindel: Great Chalky Bouldcr-cUy: solifluxion in Thames: Clactonian. 

Giinz-Mindehpm terrace of lower Thames-Chellean of Breuil. Clactonian 
1 and early Acheulian. 

Guiw: Plateau gravels. Pebble gravels, 

R W oldstedtiSi places the Kirmington, Corton Sands and lower warm beds 
great .nterglaciar-; brackets the Great Eastern glaciation 
with the Saale, and the Lmie Eastern glaciation with the Warthe, and refers 
the upper warm ^nes of Hoxne and the March gravels to the last interglacial. 

Since, apart from the Cromenan, there are two or three interelacial 

KirS’ w«h the warm faunas of the caves»i of 

Kirkda^e Settle and fey^U ,n \orkshire and of Minchin Hole and Bacon 
Hole in Gower is m the absence of pdaeoliths. a difficult problem. Like the 
older terraces of the I rent. 53 they may belong to the “great interglaciar*, 
climatic womening may be represented by the mammoths of 
Scotland Ircl^d. M. A. C. Hinton,354 however, has susfiested thS 
most of^e British caje-deposits are intermediate in age betwS^thc late 
Taplow Terrace (Crayfordstap) arid the Ightham fissu?e stage-thev c^^ 
tain reind^r and a numlwr of pctic rodents, ft will be ob^r>'ed tLrno 
me^er of the warm fauna has so far been found in either Scotland or 
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Chapter XXXIX 


PLEISTOCENE STRATIGRAPHY: CORRELATIONS 
1. Genei^ 

Methods. Pleistocene cofrclations are difEcolt and uncertain; time 
dhnsions are short; glacial deposits are virtually unfossiliferous; interglacial 
accumulations, if fossilircTous, occur in isolated and discontinuous patches; 
animals and especially plants belong to genera and species still living; and 
essentially similar sequences of faunistic and floristic changes took place 
during each interglacial epoch, Nevenheless, many methods are now used 
to correlate drift successions within a single area or between narrowly or 
widely separated regions. Among the stratigraphical means are glacial 
erosion and deposition; loess horizons, often the backbone of glacial corre¬ 
lation; the degree of w'eathering of the drifts ^ where conditions of tmnfall, 
stream-gradients, state of underground drainage, texture of the deposits and 
biolog^ical activity are comparable; the amount of erosion suffered by each 
drifts and the sbsc of the intersecting valleys^; telcconneidons by -varves, as 
those of Riss age in west Europe*; and asociated terraces and marine deposits 
(see p. 1255). Volcanic material is also useful. Examples of this tephn^ 
chronological method are the Icelandic ash in Allerdd mud at Jaeren in 
Norway^ and fossil pumice in the beaches of west Norway {sec p. 1305); the 
ash zones in the cores of the North Atlantic,® in the Mediterranean ^ (in¬ 
cluding the raised beaches) and in Alberta and the Pacific North-west®; and 
the volcanic horizons in the Great Plains of North America (s« p. 978), in 
the deposits of Patagonia and Tierra del Fuego® and the Argentine.'® Pollen, 
as in the Mediterranean,may also be occasionally used. 

Palaeontological evidence is given by the succession of floras and of mol- 
luscan and mammalian faunas, owing to the appearance and disappearance 
of species, and by the sequence of palaeolithic cultures. All these may be 
checked by the relative ertent of the icc-shecta in the various regions'2 or the 
distance to w'hicli they radiated'^ (see p. 1041), 

The floras and faunas of the different intergladals were not coinpletely 
identical. Thus the "great interglacial" bettveen the Elbe and Vistula is 
characterised by Paludina diUtviana and by Hydrocotyle nai<na and Naias 
minor, the last inteiglacial by Ztoinicheliia*^* and by a Braseam-Trapa flora 
—it is said that Brasenin purpurea, distinguishable into tivo species B. 
nehringi and R. shroeteri and of early Tertiary- descent, had an asylum in the 
west, especially France, in glacial time but died out during the last interglacial 
epoch. The intcrgUcials are also distinguishable by their pollen (see p. go8): 
in north Germany, Pmuf taontana and Picea omoricoides were in the penulti¬ 
mate interglacial.'® Similarly, the Yoldia days differed among themselves 
(ace p, ^S). Thus the postglacial clays of Vendsyssel contain Tetliitit lot'eni 
and T. toreiii which are absent from the Yoldia clays of the Skaerumhede 
series; the interglacial temperate fauna of this series has Bela iudsuls, an 
American form, which is missing from other horizons; and Tapes seneseens 
of the Eemian is wanting from other beds in north-w-est Euro'pe.'^ 

65—Q.E. 11 ***5 
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Thcw uncthods^ of attack ^ simple though they seem to be (others based upon 
included diatoms^® are apparently impracticable), are in reality most difKcult 
to apply; they have led to entirely differerit opinions. Thus the weathering 
of a single drift sheet varies considerably according to climate, topography 
and drainage.For example, the drifts are more denuded on the flanks of 
the Juras than on the Swiss Plain' boulders in sandy or graveby drifts are often 
markedly disintegratedp especially if of granite or mica-schist; and younger 
drifts may exhibit no trace of lime while older ones react vigorously. 

Similarly, altimetric observations on glacial and interglacial sea-levels by no 
means conform to the simple custatic scheme. Thus the North Sea glacia¬ 
tion In East Anglia coincided with a marine transgression of some importance 
and the interval between the North Sea and Great Easlem glaciations was one 
of uplift and not of submergence and aggradation (see p. 992]+ Further¬ 
more, because of the relative shortness of the Fleistocene, the faunal evolution 
and extinction were not sufficient to yield the fine divisions wiiichare essential 
to detailed correlation. This was particularly so in the tropics where the 
lowering of the temperature had little effect on the fauna and flora ai^d where, 
as is exemplified by the discussion on the Pithecafithropus beds (see p. 858), 
the exact age of a deposit is difficult to determine. 

Additional handicaps arc introduced by the fact, which is becoming in¬ 
creasingly patent, that glacial maxima were not simultaneous but possibly 
proceeded wave-Uke over wide regions,^ as is implied, for instance, in the 
hypotheses of migration of ice-centres and of sympathetic glaciations (see 
pp. 671, 677). 'I’hc ice-sheets persisted too into times when the climate that 
C^led them forth had long since passed away (see p. 679). We can, indeed, 
scarcely doubt that the ice-masses, because they varied in siae, altitude and 
climate, were not strictly contemporaneous: they began and disappeared at 
^fferent times, and interglacial and postglacial epocl^ became shorter as the 
ice-centres were approached. 

These difficulties, which singly or combined have raised doubts as to 
whether correlation is possible at all,^l can only be overcome by careful field¬ 
work- Yet the time may be rapidly approaching when by the united efforts 
of glacialists, paJaeontologists, biologists and archaeologists, a final sub¬ 
division of the Glacial period will be achieved. Compared witli earlier 
geological periods there is a great wealth of information. 

Terraces. Terraces, which have played a large part in these discussions, 
may be of several kinda.22 They may be (a) tectonic, as possibly in the case 
of those of north Germany (see p. afij) which have been linked with the 
depression of the crust beneath the ice and ivith the marginal bulged (see 
p. 1349) : (A) climatic,like those in the higher reaches of valleys wluch \verc 
under the influence of the ice-sheets and their fluvioglacial streams, as in the 
Alps (see ch. XXII), or those in Europe’s periglacial aone, c.g. Thames and 
Somme, Elbe and Oder (see p. 1267), which accumulated materiala during 
glacial epochs, when rock-waste was plentiful and the rivers were somewhat 
low, and eroded during interglacial epochs; or (r) thalassostatic. i e. dependent 
upon eusUtic movement of the sea (see ch. XLIV). In general, the terraces 
were climatic in the higher parts of valleys, which were uninfluenced bv 
tectonic movements or changes in sea-level, and thalassostatic in the loweV 
parts of valleys, e.g. Thames and Somme and possibly in the lower Rhine ^ 
In these parts, the gradient below the knick-point (which is slightly above the 
highest tides) is much steeper than that of the flood plain above it and the 
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deposit$ thicken and diverge downstream, ^eir cold base passing upwards 
into warmer deposits^ Above the kntcli-point, the terraces are climatic and 
parallel the rivers aggrading during the cold periods and eroding during the 
warmer ones. It is the interplay of these factors which has made correlations 

in the Thames so difficult, . . . , 

Most authors 26 refer the downward river-erosion to interglacial time$, 
though some regard it as of glacial 2 ? or of lateglaci^ age.23 Lateral erosion 
is placed in interglacial,29 glaciaP*^ or lateglacial^l times* 

Loess horizons* The loess, which in China is apparently indivisible^^ 
(though three loess horizons are claimed for north China ^ 3 ), w^as in 
glacial regions a product of the omnarch and maxima of the glaciatioiis and 
was decomposed by tlie mild and moist dimate and rich vegetation of the 
succeeding interglacial epoch (sec p> 539)- occurs, in generalt on two 
horizons of quite different age and somewhat different colour, the older lo^a 
being darker though not distinguishable palaeontologically. The earlier 
loess which, as in the Somme and in Germany, is divisible into two, corre¬ 
sponding to the nvofold character of the Saale glaciation, is thoroughly 
decalcified; the newer one is altered only superficially. An older and a 
younger loess are kno™ from various parts of Germany, Cng* the southern 
margin of the North Gentian Plain, lower Rhine valley and south Germany 
and front Alsace, e,g, Achenheim^^ (9 km west of Strasbourg), Sw'itzerl^d, 
Bohemia, the Somme and Paris basing* and Jersey 3 ®: they appear to be the 
rule in Europe. The loess of the Giimi, like that of the Nebraskan m North 
America, if ever developed, is now so thoroughly eroded and poorly exposed 
that it is scarcely, if at all apparent. Nevertheless an ancient loess in the 
Rhone valley has been correlated with the Guna-W—it contains a Villa- 
franchian faunula^^ (sec p, 539)”^^*^ Ebcrl'^^. described loess horizons 
connected with his Donaii glaciation. Loess was associated with the Elster, 
Saale and Warthe glaciations, though most of the loess belongs to the l^t 
glaciation, the older loess □ccurring mainly in west and south Gemiany .^3 
Three loess horizons occur« in Baden and Thuringia, at Achenheim and 
Basle, and in Bessarabia, the Balkans and the Ukraine. Believers in four 
glaciations, each with its loess, recognise four horizons-**- the youngi^, in¬ 
deed has been subdivided to correspond to the " postglacial” stages,-** and 
in north France^ and parts of Germany (e.g. Upper Rhine, Swabia, Silesia) 
is twofold,'*® as was the last glaciation (see p- 1045), since a thm fossil soil, 
implving a relatively short climatic break, lies between them (see below). In 
occassional sections, e.g. at Wallertlieim, Petcrfels and Achenheim, in Czecho- 
slavakia and in Lower .\iistria. the Younger Loess 11 is again subdivided by 
a thin weathered loam, suggesting that the last glaciation is divisible into three 
cold phases(see p. 920)—the three ergerons of Belgium (lower, middle and 
upper) and the three loess horizons in the Seine ha%'e also been equated with 
Wiirm I. 2 and while in France each of the two younger loesses has been 
subdivided intn'two**—the argiie roiige belongs to the last interglacial. The 
last three loess loams of Austria (see p. 513) have been assigned as foUmvs: 
Krems, Riss-Wurm, Gottweig (Fellabrunn) and Paudorf, mterstadial. 

In all probability, loess was deposited under favourable conditions at or 
near the margin of each glacial age. Thus in the Ukraine five loess horizons 
have been correlated \rith glaciations, the first with a pre-Elster glaciation, the 
last two with two Weichsel maxima.s^ The loess horizons in the Vienna arra 
have been assigned to the Mindel and Riss and Wiirra t and z' Yet the 
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loess of the BAlkiins has been referred to the Wurm glaciation only^'*—the 
land was not sufKciently elevated to give Iciess Kori^ns at earlier periods 
(see p. 653). The absence of loes^ from the uvo earlier glaciations elsewhere 
has been explained in various mys (see p. 539}. 

In the basin of the Rhine* e+g. at Achenheim and at Mauerp three older 
loesses are distinguishable^ separated by loamy weathered horisKins. The 
Middle Older Loess of Achenheim (see p. 539) at its base atypiqu^} 
contains a forest fauna^ with, among other aniimlSp Eiephm antiquas^ Di- 
cercs merckti and Eqmis gemianktis^ and is overlain by fresh loess representing 
possibly a cold phase in the interglacial separating the Elster and Saale 
glaciations to which the two older loesses bclong+^^ 

The various loess horizons In Germany are correlated a$ followg^^: 
lounger Loess I and II with the two periglacial river-terraces of post-Saale 
date in Thuringia and the Warthe and Weichsel—the Wekhsel drift has no 
loess upon it and the Warthe drift only one loess deposit. In Upper Silesia 
the Younger Loess can be traced south of the Brandenburg moraine and 
across the moraines of the Warthe phaae and contains Aurignacianp Solutrean 
and Magdalenian implements. The Younger loess, which in south Russia is 
so thick that it v^iis the older deposits, in the Ukraine contains Aurignacian.^® 
The Bulgarian Icwss horizons have been linked with the Riss and Warm i 
and 2.^® 


The North American loe^s is mainly associated with the Iowan ^ 
(= Peorian or Early Wisconsin) and extends over the weathered and eroded 
Kansan drift, o%cr the marginal part of the Iowan drift* and on to the slopes 
and uplands of the Driftless Area and from western Nebraska to the Gulf of 
Mexico. It is, how'cver* also known from each of the other glacial horizons j 
Aftonian loess occurs in few^ places; and Loveland loess, one of the greatest 
sheets and of Ilijnoian age, extends from west Kansas and Nebraska across 
low'^a and Illinois into Indiana. The older loesses were originally more 
extensive but vverc largely rew^orked and removed by erosion. 

Palaeolithic cultures and climatic phases. Since Lyell^i first 
examined the chronological relatiori of the palacoiLthic cultures to the Ice 
Age and de MortiUet*^ attempted to establish the relationship, great advances 
have been made^as a monoglacialist, de Mortillet placed the Chellean in the 
pregbcial, the Moustcrian in the glacial and the upper Palaeolithic in the 
postglacial. Although, generally speaking, as Penck^^ showed in 1884 
palaeolithic mM lived outside the glacial iLmits, the glacial sequence provides 
a chronologi cal frainewwk fo r the cultures as ^ 1 - Boule first showed in France 
in 1888.*^ Pre-Chelicsm and Chellean (Abbevillean) cultures, follovi'ine 
Boulc s demonstrabon, have been unanimously regarded as contemporaneous 
a warn chmate, the Chellean interglacial*'f 5 -froin this view few have 
dissented,® Chellean stabons are open valley sites (stations m plein air) 
f on Marne and Somme (see p. 1358); their/™™ chaude or ^‘aaliquus 
fauna of the Hippopotamus Age”<s» comprises flippobotamus. El^has 
aatiqiois, E. mmdtonolis and Dterras leptorluam. Chellean alone of the 
culmres is unoonnerted with 1^ though it Is said to have been associated 
with steppes towards the south.« Like the Acheulian, it xvas pmbablv a 
forest colture, ^ 

There is also a concensus of opinion ^0 (a few dissentTi) that the Acheulian 
was in the mam interglacid: CheUcan and Acheulian in many river-gravels 
arc in amately associated i the technique of flaking changed gradually since the 
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Abbevillean is best regarded as inerely llie earliest phase of a single Abbe- 
villean-Acheulian culture; no faunal break accurred; and a liarm climate 
continued during the two p bases,e.g. in the Pyrenees, the Somme (see 
p. 1258) and the Thames. Almost all the stations are open—cave sites with 
Acheulian implements do however occur in France and Palestine—and the 
fauna, save in more northern latitudes whore mammoth and woolly rhinoceros 
are included, consists of the southern trio and other warm animals.^^ Only 
vvith Brcud’s Acheul stage IV did the climate begin to grow cold cul¬ 
minate in the glaciation of stage VP-*; the loess at Achenheim, for instance, 
contains a younger Acheulian industry (see p. 1036). This view is supported 
by the lower terrace of the Somme and the St. Acheul workshop site at 
VVhitlingham in the Yare valley, Norfolk."^® 

The Mousterian, on the other hand, straddles a glaciation as G. de Mordllet 
suggested in iSSc^he equated it with the single glaciation Aen accepted— 
and is proved by the cold fauna at Le Moustier and La Quina. It w^as the 
" mammoth period”,"''^ with mammoth, wooUy rhinoceros, cave bear, reindeer 
and the microfauna of the lower rodent layer (see below) which replaced 
the/awne chaude. It waa contemporaneous with the First Younger loess and 

Wurm 1. 7 * Nevertheless, H rdlicka thought the climate was not very severe 

for fully two-thirds of the stations are in the open and of the remainder quite 
a few, e.g. Krapina and I-a Ferrassie, are in or about rock-shelters ivhlch 
offered little protection from the cold. The progressive mental and physicU 
change of Neanderthal man and the morphological variability of his remains 
show that it was a time of stress. 

There was, however, a " warm Mousterian”®^ or”Micoquean ” with early 
LevalJoisian implements, which it is said followed*' but certainly preceded *2 
the “cold Mousterian”, e.g. the Levalloisian VI-VII at Monritre near 
Amiens. Crayford, Baker’s Hole, Noithfleet and the lao-ft terrace of the 
River Stour,*^ Its "second untiquus fauna’',®’* a recurrence of the inter¬ 
glacial fauna, comprised Eiephas antitfims (recent form) Dicerm, merrAfi, cave 
lion, cave bear, cave hyaena and other animals as the lignites of Dumten 
and the travertine of Weimar and Cannstadt suggest *5 (even three antiqui^ 
faunas” have been postulated®*). The tvarm phase vms widespread* 7 ; it is 
seen in the tufas of Taubach and Fluringen, the lignites of VVetzikon, and the 
river-gravcIs or cave-deposits of the Somme, upper Phames, Ehring^otf, 
Krapina, La Micoque, Laussel, La Ferrassie, Cotencher, W'ildkirchli, 
Drachenloch, Grimaldi, Monaco, Mentone, near Rome and in south Italy. 
Boulc and others assert that the fauna, as in the French eaves, remained cold 
between the Mousterian and Magdalenian and that a warm period after the 
Mousterian is illusorv'®* (sec below). ^ 

Nevertheless, it is contended that there is only one ‘"anliquai fauna ®®; 
that warm species, like Dkero^ merckii, on this horizon are derived^; and 
that the warm phase is not found in the Somme®' or north but only in a 
“warm province"®^ which embraced Spain, Italy, Mentone. Grimaldi and 
Monaco, 

It is important to remember, as is generally recognised for North America, 
that latitude influenced the range of Pleistocene animals and, as Commont 
observed, provided zoological provinces. For instance, Italy was forested 
when central Europe was a tundra (sec p. 1379), and tundra in Scandinavia 
during tlie final recession was contemporaneous with forest farther south. 
I’he Mousterian was coeval in north Italy and the Pyrenees with a cold 
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fauna ®3 (mammoth^ reindeer), in the Apuan Alps one \^'anii species 
(Di^ero^ mer^kii)^ and in the ^^themiiil gulf*^ of Grimaldi and south ItaJy 
with a true wann fauna —NeanderthaJ man associated at Rome with a 
^-anp fauna (Eiepfms antiquus^ Dkeros m^rckii^ hippopotamus) —which 
persisted without any cold admixture into upper palaeolithic time in the 
Mediterranean islands. About Otranto and Italy's southern extremity the 
cold fauna of the cold trio and the great auk, AUa impeiimst is restricted to 
the upper Palaeolithic. This fauna failed to penetrate into Portugal^ or 
into Palestine 5 *^ or Algeria^® though cold-loving birds, e.g. Montifringilta 
nivalisy Octocoris penictllata and Fyrrko^orax alpinus lived in Lebanon®^: 
this agrees wrth the Mousterian sites en plein air in Tunisia and Morocco and 
in north-west Africa general ly.^^ 

Elephas antiquus sundved into the Aurignacian at Taubach and Krapina, 
and in south France and Italy into the Wurm glaciation^^^ and the marine 
Strombus horizonJ®^ l}ic€ros which usually outlived Elephas aiitiqvus 

and hippo^tamusi^^^ persisted into upper Mousteriait^^ in the Pj'renees 
and at Grimaldi and MonacOp and a warm fauna lived throughout the Ice 
Age in south Spain, with i^Iacacus ioiosatuis^ and in the coastal zone of Cadiz 
and Malaga where solifluxion soils or other signs of a cold climate are 
wanting.The mammoth only arrived in early Mousterian time in Cata-^ 
Ionia and Cantabria and in the Solutrean of Gerona and Asturiasw’hich 
was temperate in the southThe Piyaeua striata groups which lived in 
England, central France and central Germany in upper Pliocene and lower 
Pleistocene times, was shifted to south Fnmce and I^w^er Austria in the 
second interglacial and to Italy and Portugal in the third interglacial. 

Evidence from the upper Pleistocene in the Mediterranean (Grotte de 
I Observatoirct Monaco, Grimaldi caves^ coastal plain of I^ower VersiJia, 
Pontine Marshes, Grotta HomaneUi, Mount Carmel) suggests, it is said 
that after the warm Mousterip sea there occurred three cold phases of \he 
last glaciation, of which the third was the w'^eakest and. humid everywhere and 
cool north of 43” N. and the second the most intense, the latter having a first 
humid subphase and a subsequent cold and mosdy dry subphase, 

These^ t^seni'ations suffice to prove, as was only to be expected, that 
latitude influenced mammalian distribution; the climatic phases and faunal 
succession of central Europe did not extend into Mediterranean lands 

The Aungnwian ^ glacidUO; some equate it with the maximum of the 
ast glaaationJ » It had arctic moUu^ 1 12 and lies between the mo rodent 
layer^ Mousterian and Magdalemm m age, e.g. at Sirgenstein, Wildscheuer 
and Ofnet, while its cold mammals ranged as far south as the Cote d’JGur 
^;renees and Dordognell^;itconuinsin g^vabiaand 
\e*ire, L^n and Danubeii^ (^ems). Abie, aiba, Pima exceUa and 
P grew m north-e^t Rumanians Aurignactan caves and 

shelters existed even 111 South E ranc:u+ 

Yet Acre was a slight amclioration.n6 Thus the stations of human 
occupation were more frequent m the open country and had tents and Ina 
shdtcT, (10 ju<te, from the ••lectifotras” of well d^tonw). 
were mainly steppe ammals, namely, saiga antelope, cave lion caw bear 
stag, roebuck and abundant horse (“horse epoch"n?) reindeer beio^ le« 
common than in the following Magdalenian stage. Aurignacian man fs not 
found dose to the ice-cdge but 200-500 km from it as in Stuttgart Moravia 
and Lower Austria, Plants provide further evidence of this improvement u® 
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The Solutrean less genial. Its gbdal climate is shown by the fact 
that this culture exists nowhere within the last Alpine glaciation nor in the 
Pyrenean glacial valleyby the animals—reindeer ousted horse—and 
by Larix polofuca and Pinus certtbm in Poland 

The Aurignacian and early Solutrean correspond to the steppesof 
either an interglacial or an interstadial epochsBayer^s '' Aurignacian oscil¬ 
lation ”^24 (fiigs^Wurin, Wilrm a-3 or is now generally thought Wurm 

during which even in Bayer's opinion the Scandinavian ioe withdretv into 
north Sweden and Nonvay. Yet Europe nowhere had a warm fauna at 
this time, except at Castillo^-'^ in Spain, which had t^vo reindeer horizons. 
On the contrarj', the cold pnmigemus-aniiqiijtiitt^ fauna persisted from 
Mousterian to Magdaleniani^^^ as in Russia and south Germany^ e-g., al 
Sirgenstcirij though the rodents temporarily disappeared after the lo%ver 
Aurignacian, re-appearing only as the last glaciation moved towards its 
climax in early Magdalenian time (VViirm 2]. The cool and dry climate 
favoured the open life of the Solutrean and led, possibly, to the suspense of 
the cave art.^^ l^owcr Aurignacian (Ch^telperron) in Palestine appeared 
after the first phase of the last glaciationand the middle and upper Aurig¬ 
nacian in Europe lasted into the second cold phase. 

The fact that the mammalia of the last interglacial and last glacial epoch do 
not differ markedly may be explained by the great range of rriodern mam- 
e.g, deer in Europe {iO°C difference), elephant in India and Africa 
(j5°C difference) and reindeer in North America {30°C difference). As the 
climate worsened, horse replaced elephant and reindeer the horsey since one 
elephant requires the space of 15 horses and one horse that of three rei ndeer. 
The inundation by the cave bear during the {see pp. 819, 1035) was 

related to the improvement in its environment and the expansion of its liv^ing 
space* I'hc same was true of the reindeer at the close of the last gbeiation 
and of the lemmings tow ards the end of the Glacial period (sec below). 

'Phe maximum cold was not necessarily coeval with the maximum precipi- 
tation nor with the greatest expanse of the ice.^^^ though this has often 
been assumed.^ 3 ^ Maximum glaciation at each epoch may have lagged 
behind the maximum severit>' of the causal climate.^^ In any case the last 
glaciation seems to have been the coldestand the longestthe steady 
uplift (see p. 653) may have had something to do %vith this, or, alternatively, 
the cooling of the oceans by repealed additions of cold melt-waters.^^^ Thus 
the mountain glaciations south of the ice-sheet, e.g. in the German Alittelge- 
birge, Steier Randgebirget Apennines, Balkans, Spain and Portugal in EuropCp 
in Persia, Asia Minor and the Caucasus, in the Atlas and in North America, 
belonged to the last gbciation,^ 3 « as did that in Richthofen Mountains, central 
Asia, to judge by the freshness of the drift or height of the snowline^ ^the 
absence of glaciers from the German Mittelgehirge at the earlier periods has 
been correlated with the dry periglacial influence, with a different climate, 
and with later earth-movements (see p. ^53)' this time, the erratics were 
drifted along the English Channel (see p. 1097): the caves were chiefly 
occupied bv glacial animals in Europe and the Alcditerranean, and the cold 
animals ranged farthest south,!^^ C-g. Ditrosfonyx torquutus and 
ru/ficms in Hungaiy, south-w'cst France and the PyTeneeSt Gw/o Imctis in 
Switzerland, Rarigifir tarandus in south Europe (see p. 806), reindeer with 
snow-hare and polar birds mV atp^stn's) and flora (poplar, 

birch, willow and juniper) in the Crimeaand alpine steppe forms, e.gi ibex 
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and hare, in the cave of Romanelli, Otranto,^^^ Finm syivesiris probably 
reached the Portuguese coast at this time (see p. 1032). Saxony had then 
only a thin animal population, animals and man having retreated to more 
sheltered Bohemia,^'” islandica occurred in Castillo cave, Pyrenees 

(see p. 1090). It is Osborn’s “Ovibus swne” in North America (see p. 821). 

There was a marked change in the late-Plcistocene mammalian faunas of 
Europe (see p. 817), of Palestine*'** (where the three Wurm st^es had their 
influence) and India (sec p. 822) and in East Africa (betiveen Upper Kamasian 
and Gamblian) where the lower fauna was Asian in character,*"** In these 
cases, the extermination of the older fauna has been connected with earth- 
movements, viz. rifting in Africa, folding in Asia. Species of Dulichium dis¬ 
appeared at this date ,*"*7 as did the wann animals which survived the early 
glaciations (see p. 816), e.g. in the Somme,'** and the dwarf elephants of the 
Mediterranean islands.**® Moreover, loess is absent from the glaciations 
which preceded the "great interglacial" (see p. 539) and Spain was first 
isolated as a separate region of evolution after the Aurignacian. '50 'The fact 
that the Glacial period influenced the mammalian life only towards its close 
and that only one sharp faunistic line occurs in Europe. Africa and India has 
led some mammalian palaeontologists to regard the glacial curve as single 
(sec p. 9'3)» during the earlier epmehs the climate was more equable or 
oceanic.*** 

The Magdalenian was the "reindeer period" (see p. 815) as the rival 
views of Penck and Boulc alike affirm (see below). The extreme cold is 
testified to by the fauna, known from bones or from engravings, carved 
figures and paintings in Magdalenian caves—it consisted of reindeer, musk 
ox, glutton, lemmings (upper rodent layer), arctic hare and horse (in 
greatly diminished numbers)—as well as by the widely distributed Dryas 
flora of north-west Europe w hich in the clays of the glacier-lake of Havelland 
in Brandenburg occurs with Magdalenian harpoons,* *2 Arctic plants were 
also associate^ with the Magdalenian station of Sehussenquelle,*** and the 
stations of Ke^lerloch and Schweizersbild arc younger than the Singen 
phase and possibly (though this is contested) than the Constance phase.*** 
The arctic fox was then most widdy distributed in Europe, Lag&pus tasobus 
extended as far south as Hun|^' and the Dordogne, arid cave b^ar 
degeiienitcd and became smaller in size (see p. Soo). 

This climatic pessimuen is also suggested by tbe fine needles and other 
ifYiplements of this kind and by the percentage of palaeolithic sites in the open 
and in caves as b set out in the foUoi^ing Ibt ; 
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Caves tended to be inhabited at any time where available, e.g. by Aitilian 
man in south France and north Spain» by Tardcnoisian man in central France, 
south Germany, Belgium and Great Britain, by Obanian mani in west Scotlandj 
and by the hunter-fishers of Viste mar Stavanger, Yet Magdaleman man to 
judge from the tectifonn designs had summer dwelbngs in the open^^^^^ e.g. 
the Hambufgian and, to judge from designs, in the Dordogne, and certainly 
had in south Russia where in the absence of caves man lived in tent-like 
structures or earth-houses on river-banks 

In view of ail this it is perhaps not surprising that the Skacrumhede inter¬ 
glacial series {see p. 950) had not the warmth of the previous intcrglacials- 
Timber played but an insignificant role in the economy of the upper palaeo¬ 
lithic hunters of France and England: the c^iuipment lacked the axe and w^as 
adjusted to life on treeless steppes or tundras. This last interglacial was less 
protracted^ had a fauna which comptised both cold and wurm forms and 
contained a subarctic phase in tlie middle part of it^^* (cf. p. 951). 

The climate was lughly arctic during the early Magdalcnian only. Certain 
evidence, e.g. in the Rome and Pisa areas and about Lago di Garda, suggests 
that the dimate during Wurm 1 times w'as cold and moist and became cold 
and continental in Wiirrn z tLmes,^^^ The climate ameliorated towards the 
close of the period as the south German caves show^^^ though Kcsslerloch 
{$ec p* 789) and Pctcrfels in the Lake Constance area prove that Magdalenian 
persisted into Wurm 3.^*^ Mammoth, woolly rhinoceros and cave bear had 
died out in France and Sw'ahia by the full Magdalenian^*- (the time when 
Ochotoiia pusilliis appeared) or the upper part of the upper rodent layer 
{Kesserloch shows that a few individuals survived on the northeim Alpine 
slopes though reindeer persisted until later (see p, 8 i9)h Reindeer's place 
’was usurped by the stag, Cetvm elepftas^ which w^as not fitted like the reindeer 
with broad hoofs to run quickly over yielding crusts or through deep snow.^^ 
Aurignacian flint implements, e,g, keekd gratloir, pedunculate point and 
points recalling those of Abri Audi and La Gravette, re-appearedand the 
Capsian peoples migrated northivarcU. 

The Aailian faib into the period of the forests ^^^thc arctic flora had 
vanished^^—and the Azilio-Tardcnoisian of the Pennine Chain into the Boreal 
period. The abundant miniature implements of the Tardenoisian surest 
that wwden dubs or spears were used and that timber vi^as already more 
plentifulIn Russia, as in Britain (see p. ioi4)p palaeolithic 
stations lie outside the limit of the last glaciation but mesolithic stations lie 
within 

Alpine equatioas with cultures and mamtaulia. Before the Glacial 
period‘s complexity wa$ realised, palaeolithic man and the contemporary 
animals were referred to either a preglaciaU^^ (" antidiluvian^^) or a post¬ 
glacial ; the monoglacialist in general still adopts one or other of these 

viewisJ '^2 The recognition of genial epoctis has introduced a wide diversity 
of opinion which reveals both the difficulty of the subject and the need for 
prudence* It b indeed contended that palaeolithic cultures c^not be used 
as “zone fossilsand the geologist must date the cultures in a given area 
for the archaeologbt rather than vice versa. Almost the sole features common 
to the various classifications are the equation of the Magdalcnian with the 
final cold of the Ice Age and of Chelkan (Abbevillean) with an interglacial 
epoch, regarded as Gunz-AIinden^^ by the authura of the longest chronology 
but usually as Mindcl-Riss^^^ or occasionally as Rb$-WurmJ^* The first 
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correlationj chdienged on phy$iDgraphic and other evidence,is said to be 
sustained by the association of Miiehairodiis^ Dkerorhinus and Equus 

steuQnis with the “Chcllean fauna” at Torralba and Abbeville, by the derived 
Chellean hand-axes in the base of the Cromer Till and Cromer Forest Bed 
(see p. iot6), frequently placed in the first interglacial (see p. 1015), and by 
the fact that at the type locilit)^ it overlies what is probably a Giinz solifiuxton 
gravel. 

Favouring the equation with the Mindel-Risa in the “long chronology of 
Penck and many German glacialists and archaeologists are the absence of 
Chellean on RLss terraces and of Acheulian on the the restriction 

of the Mousterian (LevalloLs) localities, c.g. in the Somme, to areas outside 
the Riss glaciation—whence it is concluded that the Mousterian culture 
coincided w'lth this glaciation and the Magdalenian culture with a post- 
Wiinn agej and the occurrence of the Acheulian in a schotter beneath the 
ground-moraine of the German Saale glaciation. 

The reference of the Chellean to the Riss-Wurm* i.e. one stage further 
fonvard, is usually associated with Boule who propounded it in tSSS and 
with the French school of archaeologists w'ho have modified de Mortillet'a 
view of 1SS3, replacing his prcglacial by the last interglacial and his Glacial 
period by rite last glaciation. In its favour^—it correlates Moustcrian with 
Wurrn (those who put the Chellean in the Min del-Riss and the Acheulian in 
the Riss-Wurm also arrive at this conclusions^®)—are the Acheulian bou4:ffers 
on the Riss moraines of Switzerland,^'^ e.g, at Challes dc Bohan and Lebrun 
near ConlitgCi and in the third terrace of the Pj^reneea^so (g^-e p, 93S); the 
direct contact of the Wiirm (or Niowurm) moraines with the Mousterian 
m the Swiss Jura, as at Cotencher^ ®^ (659 m) in the Neuenburg Jura (= Riss- 
Wurm) and with Solutrean at K<sslerIoch; and the presence of Mousterian 
in the lower (Wurm) terrace of the Pruthl®^ and in Mediterranean deposits 
of the last glaciationin the Pontine Marshes, in Lower Versilia and in the 
caves of Grimaldi. Militating against it is the compression of the whole 
evolution from the crude Pre-CheUcan to the fine Micoquean into the short 
space of the Riss-Wurm. There is now general agreement among EuropDean 
prehistorians that the Micoquean ("warm Mousterianbelongs ip the Riss- 
^Viirm and the cold ISIousterian to the Wurm. The main differences behveen 
the Lvo schools of long and short chronology (see p. 1033) conce rn the relative 
date of the Chelleo-Acheulian succession. 

Oorrelation is difficult because p^aeolitbic sites are rarely in direct contact 
with glacial deposits that are definitely dated. Palaeolithic man, as seen in 
maps of German palaeolithic stations, isj was generally excluded from the 
glaciated territories, particularly those of the last glaciation. This is also 
generally true of Britain,the Vosgcsis? and Switzerland,!®8 though the 
palaeolithic sites of Wildkirchli, Drachenloch and Wildenmannlisloch with 
their fauna!®^ of Ijfsus sp^ineus^ F^tis F. pardus, Guoj? nlphmt var. 

^topaeus, Ciifik lupus, C. vuipes, Meks f^xus, Mmtelu marfes, Fofterius 
ermrneus, Capra ibex, Ruprkapra n^pricapra, Cen^m elephas, Marmotu mar- 
L^us zanahihs^ i^ficrotiis uivaliSf are within the limits of maximum 
glaciation and are placed in the L^ufen oscillation (Wi or in an inter¬ 

glacial epoch, RissAViirmlsu or Mindel-Riss,i^»^the last made probable by the 
great altitude of the snowline during this period (see p, 917), The milder 
period ia suggested by the cave panther which is generally found at con¬ 
siderably lower altitudes. 133 The trecllne was probably 300-400 m higher 
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than now.^^ Wildkirchli was 200 m above the surface of the Wurm glaciers 
descending from the S^tis, the dark fossil-bearing interglaci^ horizon (which 
owed its dark colour to the humus derived from interglacial plants) being 
sandwiched between light-coloured sterile loams formed during the glacia¬ 
tions when there w^as no vegetation.^^^ The cave sediments w^ere purely local 
in character and lacked erratics or other foreign material. There is no 
evidence that, as has been suggestedj the great height of these caves is due 
to later earth-movements,^^ Man probably selected these high sites because 
they offered him a view' over his hunting district better than did the lower, 
close-wooded region, and because the higher district was more prone to have 
game and because it provided corries and similar places where the fauna 
could be more readily hunted.^’^ 

The **alpine Palaeolithic", as E, Bachler^®^ styded the atypical Palaeolithic 
of the Alpine stations of Wildldrchli (hence *^Wildkirchli culture*'*^), 
Drachenloch, Wildenmannlisloch^ Treis, Cotencher, Welden, Steigelfad- 
bahn (Kigi) and Drachenhohlej all on the northern side of the Alps, has un¬ 
certain relationships with the plain cultures: the implements are of quartzite, 
jaspar, homstone and other atypical material. It may have arisen in the 
mountains, as an independent lower pabeolithic industry,^ or as a primi¬ 
tive culture associated with the collective hunting o-f cave bears {Hoht^n- 
b^ettJd^erkultuFj L, F+ Zotz^^) which gradually descended as the climate 
ameliorated ajid amalgamated with the typical upper palaeolithic cultures.^o^ 
Alternatively, since it has also been found at Peters hohle (K. Hermann) 
near Nureml^rg, in Bohemia (H* Fraitze), MoTavia (K. Absolon), Steiermark 
(G. Kyrlc)p Sdesian Sudetes(L. F, Zot^), Tuscany (R. Battaglia), Jugoslavia 
(S. Brodar) and in the Polotschnik cave on Karaw^anken at 1700 m (see p, 790)+ 
i.c- on most central European mountains, as well as in Rhine Hesse and 
Alsage,^*^ it may have wandered in from Eurasia.^^ This is the epoch of 
the cave bear of E. Lartet (sec p. Si5). While Peiick spoke of a true inunda¬ 
tion of cave bear fH^hiertbiireTiubersckfjpemmuH^} arising from natural causes 
(see p. 790), and others attributed the abundance to ^ Hdhknbdrenjdgerhil^r 
or “protolithic Knockenku!liir*\ W. Soergel^®* maintained that the layer wHlh 
bear remains was accumulated over an extremely long time of at least &000 
years in Wurm 1-2, a figure M. Schlosser raised to 42 ,ooo-30hO€x> years. 
Soergel ivith others asserted that the remains w^ere due, not to man's 
activities, but to natural cause$^ e g. illness or old age; their date ranges from 
Pre-Mousterian to Magdalen ian.^^ 

The Magdalen ian followed the recession of Aurignacian and Solutr™ 
times (see p. 1030) and synchronised with the Wurm^^® (or Wurm i) or with 
the Buhl^^^ i or Wiirm 2,^*2 Aurignacian falling into the Achen oscination. 
Its implements near Schaifhausen, for example, occur in the tivo stations 
of Schw^eizersbild (of Buhl age) and of Kesalerloch which was somewhat 
earlier—it lies within the Singen phase of the Rhine Glacier (see p, 1161), 
probably in the Constance ph^e of W, SchmJdlep i.e. a phase of tlic Lake 
Moraines” of Gams and Nordhagen.^^'* The two cold layers (w^ith Mag¬ 
dalen ian) at Kessler loch probably correspond to the Schaffhausen (WCirm i) 
and Singen (Wiinn 3) stages {see p. i ibi). Magdalenian occurs within 
the Wiiim moraines in other local ides,e.g. along the Rh6ne at Veyrier,^^^ 
See (see below Les Hoteaux^ La Bonne Femme, Le Balme, and at Schus- 
senried and Munzingen. The grotto of Sce^^^ on Lac Leman, a witness 
of the first order, proves that the Magdalenian finished during an extremely 
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late phase of the Wunrij most probably after the Biihl stage—it is younger 
than the Interlaken stage. Magdalenian man ranged as far as the mouths of 
the Alpine valleys and outlived the mammoth in Switzerland,^*^ though this 
animal (with the woolly rhinoceros) is found at Veyrier and Sci and alone 
near Innsbruck and nor Kufstein and very occasionally in other Alpine 
valleys.^ Sites of Magdalcnlan 6 occur near Geneva, 3-6 in the Jura, 4-6 
near Sehaffhausen^*—in the Pyrenees, Magdalenian 4^6 occurs at Lourdes^ 
Niaux and UssatK^^ In north Germany, the reindeer hunter^s camp of 
Meiendorf near Lubeck Bay^ the starting-point of the whole subsequent 
prehistory of north Germany and south Scandinavia, h w^ell within the 
Weichscl glaciation (see p. SSo), 

Loess and cultures^ The older of the two loess horizons generally 
recognised (see p. 1027), the hesbtiy'm of Belgium, is younger than the 
Chellean, as at Sangatte^; it is Acheulian V at Achenheim^"* and in the 
Somme valley^ w’here older loess rests on terraces 2 and 3 and upper loess 
on terraces 1, 2 and 3 (see p, 1258). 

1 he Youn^r loess ^ has Acheulian VII^ Mousterian and Levalloisian V 
in its low*er division and in the upper ones mostly implements of Aurignacian 
or loess man . It is widespread in turopCp^ e*g+ the ergeron of the 
Somme, at Ratihor in Upper Silesia, at Gronau in Hannover, in Lower Austria 
(along the Danube between Vienna and Melk, at Krems and Thiede, and at 
Briinn in Moravia), in the Rliine valley (Mettmch, Rhens, Unkclbach, 
ISrlich, Achenheim) and in the upper hrickearths of the Thames valley. 
Yet loess conditions continued backward in a few^ places into the 
Mousterianp^s e.g. at Achenheim and forward into the Solutrean,^ as at 
Pfedmost in hloravia and Cannstatt in WurttcirLberg, and less certainly into 
Mag^enian,^ as at Andemach (= in loam above the locss^^i) in Upper 
Silcsiap^2 ^he ''reindeer station’^ of Munzingen (Baden), at Gobelsberg 
(Austria) and at Gapar (Hungary), These occurrences have led certain 
wTiters to correlate the upper loess with the Aurignacian and Solutrean and 
the Magdalenian,^^ though others believe these upper palaeoliths are 
Gravettian and Aurignacian .^3 The recent loessof central Europe may 
not have begun on a grand scale until loess formation had almost ceased 
in the w'cst.^ 

The late-Acheulian loess accumulated during the onset of the Mousttrism 
glaciation 237 the upper loess during the upper Levalloisian and “cold" 
Aiingnacian oscillation or the adrance of the Solutrean-Magdalenian glacia¬ 
tion, Its UYO divisions corresponding to the first and second phases of the last 
glaciation.^* Loess not associated t^■ith the glaciation, whether simple 
or ttvin. which preceded the great mteiglacial" (cf. p. jozj} as Penck and 
Bruckner recogn^d for the Alps. Since the twin glaciations of the upper 
Palaeolithic are Riss and \\ urni, the Mousterian may straddle the Riss and 
the later cultures the Wiirm glaciation^JS (see helow), alternatively VViinn i 
z and 3/^ 


Rodent layers. Ihc b«^r rodent layer which is widespread in north 
and south GcTtnany ^g. Brunswick (Thiede), Swabian Alb (Siigenstein) 
dong ^e I^ine =md in Austria (Pfedmost), Belgium, 

Jcr&ey^« and Eng!and 244 (Crcswell). contains among other forms 
obensu and Dicroitouyx lorqaalus. Sirgenstcin shows it to be MoustcriM 
I’he upper rodent layer,^^ found for instance at Sirgenstcin. Wildsheuer 
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Ofnet» Hohleafekj Schus&eiiquellep Andernach, KessJerloch and Creswell, 
probably belongs to the Magdalenian^'*^ and the Balbe Moraine^: its 
Etephm primigenius, Rangifer t&rainiiis, Ursus spek^m^ Dicrostonyx torqualus^ 
Foaterius ermpwa^ K nlvtilis^ Alopax b}g<^us^ Si^rax pygmaeus, S. vulgaris, Talpa 
europaeus^ Lepus variabilis^ Arvitola agrastis, A. amphibms. A* gragalis^ A. 
ratli^eps^ Lagomys atbus, L. alpmus and £p. pusittm^ are associated with early 
Magdalenian impIementSi^^® Like the lower rodent layer it i$ absent from 
Francej though the remains of some of the animals have been found . 25 ti 

The glacial character of the fauna in the layer between the two rodent layers 
is less pronounced. For examplep AfyodJer obemisj Dicrostonyx torquatus and 
Alapex lagopus disappeared from Sirgenstciri and F'elis calm and R tynx point 
to wooded conditions.Even reindeer is missing from Ofnet. 

The two rodent layers in the opinion of most writers repreaent two glacia- 
tionSp via. I^ss and Wurm>^^^ Wumi and Biihl^^ or Wiirm i and 2.^ This 
is essentiaOy the view of those who bracket the two layers a& the product of 
one cold period if we postulate an oscillation of less than full interglacial 
rank. The rodent layers mayp however^ have no particular chronological 
valuc.^® Alternatively^ the lemmings may have wandered not in colder bat 
in milder periods which, by favouring greatly increased numbers, extended, the 
bounds of the species as they do to-day —^this is perhaps difficult to 
reconcile with the varied cold fauna found in the Markenstein Cave^^ east 
of the Alps and with the great thickness of the rodent layers which demand 
hundreds of years for their formation. 

Correlatiorts- As a working hypt^fhesis,^*^^ the Abbevillean (CKellean) 
may be correlated with the Giinz^Mindel, the Acheulian and Clactonian with 
the Mindel-Riss, the Micoquean with Riss-Wurm, and the Aurignacian to 
Magdalcnian with the lator phases of the Wiirm glaciation up to Wunn 3^ A 
fuller classification is as follows 1 
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This agrees with the evidence of the French terraces (see fig. 206) which, 
unlike the Thames terraces that lay in the tundra ^ne just outside the ice- 
sheet and its drift, are associated with loess deposits and. unlike the centra] 
European terraces (see p. 1:^67), have a oold horizon at the base and a warm 
facies in the upper part of each terrace. Breuil and Koslow'ski,^^^ who 
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regarded the S 5 ~'^ terrace of the Somme (see p- 1258) as preglaciai^ place the 
lower part of the 40-m terrace with Abbevillean I and Cla^onian I in the 
Gunz-Mindcl interglacial and its upper part Vrilh the 30-m terrace and lower 
gravels of the lOnm ter race, containing together Acheulian I-IV, in the 
Mindel-Riss Intcrgladal. The fauna and implements of the glacial epoch of 
do^^Ti-cutting from the 40-m terrace are in their opinion unknown. It is 
probable, as H. Breuil himself later recognised (sec below), that the 
Levalloisian should be equated with both the Rm and the Wiirm.^2 

The greatest glaciation (Riss z) is represented by the ancient loess mth 
mammoth fauna and Acheulian V culture,, while the gravels on the edge of 
the lO-m and ^-m terraces with Ekphas antiquus and NippopQtamia and 
Acheulian VI and VII (Micoquean) and Levallois Ifl-IV belong to the Riss- 
Wuriti, Levallob V, found in the lower half of the*'recent loess”, belongs 
to the early part of the last glaciation (Wurm i) and the late Levallois VI 
and VII, Aurlgnacian, Solutrean and Magdalenian to it$ second phase 
(WiiiTn 2). 

The solifluxion nappes ^61 f^^ur in number, descend from the plateau on to 
these terraces and river-deposits. The lowest nappe (Si) rests upon the 
4S-m terrace and represents the first (Gunz) glaciation. The second nappe 
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(Sa). which contains abraded Chellcan (Abbevillean) or Clactonian and belongs 
to the second (Mindel) glaciation, overlies the 45-m terrace and descends 
thence to the floor of the 30-m and lo-m terrace. The third nappe (Si) 
comes do«n from the plateau to the floor of the 5-in terrace and into the 
buried valley; with derived LevaUois I-II and cold fauna (mammoth 
woolly rhinoceros, remdeer) and its cover of ancient loess with Acheuliari 
V, it corresponds to the third (Riss) glaciation. The fourth nappe (S4) which 
encloses remains of the above-mentioned cold animals and descend right 
into the buried valley, is of Wurm age and is overlain by the younger lo^ 
H, Breuil^** in a more recent classification based on the longest cluonoIoEV 
correlates the successive industries in Europe as follows; 
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The relRtionship of the Eutopean cultures of the Palaeolithic to the VqII- 
gHedemn^ and Milankovitch's scale ia given in tlie fig. Z07 (after F. E. 
Zeutier^^)* 


z* Correlations 

{a) Alps and North Europe 

General. The obstacles surrounding the correlations of the Alpine and 
Scandinavian successions are so formidable that all attempts must be deemed 
pnovisiortal^ It has^ indeed, been stated that the dimates of the two regioas 
were different(the Alpine “great interglacial'*, it has been contended, 
coincided with the major glaciatbn in north-west Europe) or that the Alpine 
glaciations^ being smaller and more southerly and affected by different 
nourishment and radiatian^ w^erc more susceptible to dimatic changes and 
registered more of them.^^® The Gunz gladadoitK for instance^ if ultimately 
proved for the Alps (see p. 937)1 may have been merely a local incident 
and, as held on astronomical grounds, of short duration ; for an ec[uivalentp 
though probable, has yet to be definitely discovered in north-west Europe^^^ 
(ch p. 9+1). On this view, the three glaciations of north-w^t Europe 
correspond with the Mindel, Hiss and Wurm^^^^—the correlation of Wurm 
and Weichsel has never been questioned. Those who recognise four 
Scandinavian ice-sheets, cither a Pre-Ebter or an independent Waithe 
glaciation, have a ready solution in equating these four with the classical 
Alpine four,^^ The "great interglacial” of the Alps is naturally bracketed 
with the Elster-Saale interglacial which caused deep weathering of the Elster 
drift and saw an e^ttraordinarily large downward cutting of almost all German 
rivers,^*^^ e.g^ in the RhitiCj Elbe and Leine. 
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P. Beck and otKer believers in six Alpine glaciations 2^5 (5^ „ gj,_ 

counUT obvious difficulties and bracket the three glaciations of the no^-west 
with the Thun, Riss and Wurni glaciations of Si^itzerland and the four 
glaciations of Poland wth the Kander, Thun, Riss and Wurm, They find 
no equivalent for earlier Alpine giaciadons which took place in Pliocene time 
the Kander during ^e Calabrian and tlie cold flora of Varennes, and the 
Dcckenschotter glaciations of Beck’s Glaziopliocene before the Plaisancian 
and Astian These constitute the "great interglacial” when the Pliocene 
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flora of the Rhone Gulf contained ii North American, ii Chinese-JapamsH;, 
6 Canary and 28 Mediterranean specics,^^ 

Correlation would be simplified had the masamum been a^chronoua 
throughout Europe. 'Though the assertion that the first glaciation was the 
greatest in the Alps, north-west Europe and in Hungary (and Tien-shan) 
is incorrect, it is uncertain to w'hich subsequent glaciation we should award 
the honour. According to Penck, 2™ it should be given to the Mindel in the 
eastern Alps and the valleys of the Inn, Salzach and lller, but in the western 
Alps, c,g. in the Isar, Rhine and the valleys of Switzerland and the French 
and Italian Alps, to the Riss glaciation. The difference has been attributed to 
glacial erosion in the eastern Alps—this is highly improbable—or to a Mindel- 
Riss elevation of the western AIps .280 Others place the max i mum in both east 
and west at the same date but disagree in giving this as Mindel,^®' Riss^^ or 
WCirm,^*^ It would seem, hotvever, that the difference in extent between 
the Mindel and Rias is small and that these two glaciations compete for the 
maximum position 28 ^ as do the Elster and Saale gtaciadons in north Germany 
(see below). A similar discrepancy existed in the Caucasus^®: in the west 
the third glaciation was biggest, in the centre and east the second. 

Uncertainty also exists in north Europe. While German geologists have 
reached some measure of agree ment (see p. 939)r Russian glacialista disagree, 
some placing the maximum during the last, the majority putting it in the 
penultimate glaciation (see p. 9SS)* Poland the Cracovian or Mmdel w'as 
the largest. ITie glaciations in Germany at any rate seem to become pro- 
gessively smaller, tliough the first two, measured in distance from the 
Scandinavian centre, were roughly the same as the following table indicates ^ - 
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The molluscan and floral differences of the various mtcrglacials,^*® which 
should serve as auxiliary aids, have as yet yielded few positive results (see 
P- 910)- 

Rhine terraces. The Rhine terraces, with their highly important fossih- 
ferous localities (Basle, Achenheim, Maucr, Frankhirt, Wetterau, Mosbach, 
Coblenz, Obcrcassel, Tegelen) and their palaeolithic stations all situated near 
the river, 2 ®® provide a valuable link between the Alpine outwash and the 
Scandinavian drifts of the lower Rhine. This connexion, which may ulti¬ 
mately be strengthened by equating the Alpine succession with the terrares 
in the Vosges and Moselle or by dovetailing the Carpathian and Caucasian 
terraces and schotter with the Scandinavian drifta^o and loess sheets {Tatra 
66—Q.E. 11 
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maximum glaciatLon ^ Ctaco^'ian glaciation), has often been attempted but 
so far not very successfully because it la difficuLt to correlate through the 
middle Rhine section. MineraJ analyses, on lines already begun,should 
prove helpful, 

1 he oldest Rhine terrace, usually up to 20 m tliiek^ consists of milky quartz 
pebbles and cherts i^^ith Devonian grcyuacke and sandstone and the dark 
brown or grey Kiescloolith derived from the Senonian Milioliden bed 
(H, Pohlig) or the Muschdkalk (G. FUegcl). Pebble-shapes and structures 
and field-relationships prove it to be fluviatile. 

This Kieselooliihc/iotter^ as E. Kayser^?^- named it, which proves the ante¬ 
cedence of the middle Rhine with respect to the rising Rhine Slate Moun¬ 
tains, descends northwards from 590 m near Basle to 225-^360 m in the 
Neu^ied basin, 15S m at Waurichen and 125-145 m farther north,The 
fall is partly original and partlj^ due to faulting^ thus there is a drop of 126 m 
along the northern edge of the Rhine Slate Mountains.^ 5 ^ The schotter 
make a flat cone in the Netherlands^p 6-^12 m thick except in contemporaneous 
fault-troughs where its thickness is 70 or at Vlodrop even 371 m 
Prom its patches on the Rhine Slate Mountains it can be followed into North 
Limburg and the Moselle,^^^ and extensively into the Meuse 

Although the terrace, referable to an Urrhein, Urmoselle and Urmeuse,^^ 
has been assigned to the Giinz glaciation,^^ to a " prcglacialJ* or inter¬ 
glacial 302 age. or to various ages which lessen as it is followed northwards into 
the Pliocene Sea.^^^ jg probably upper Pliocene and possibly in part 
Miocene, 3 ®^ as is pro\*^cd on morphologtcal groundsr'^*^ It marks the hrst 
drainage of ocntnl Europe in northerly direction and ts connected with the 
Dinothcrian Sands of the Mainz basin, ^ which are upper Miocene (R. 
Lc^ius, A. Steuer) or lower Pliocene (M. Schloaser), and as in the lower 
Rhine alternates with lower Pliocene clays containing a Mediterranean flora 
or overlies marine Piiocene.^®^ ’ 

The Terrace (EHit, Hoofdterrat) is the hlosden or Campignied of 
Belgium, 3 ) I and m the Rhine as well as in the Moselle, Lahn Lid other 
ydlcys occurs about the topographic shoulder—the lower Rhine has much 
higher terraces, 3 i 2 |t consists in the Rhine gorge of local material with 
cm [dive ingredients, badly weathered and increasingly fine teictiired as traced 
northwards. It falls from i&s m north of the Siebengebtrge to 41 m at the 
Dutch frontier. It is really a series of terraces, sometimes very broad, e.g. 
at Linz (7 km) at the embouchure from the Rhine EOrre, and in the Nether- 

to<U 3,4 is v« d,l,a fan™ Rh™.M„SDil„l„ or HigK 
Terrace Plam. 3 is It has two horizons in the Meuse and lower Rhine 
wparated by the Tjglian sti^, and in the Netiwied basin 3 i 7 and below 
Coblenz and m tbe Mosellea .till further. I’he Mosbacb Sands, with 
their fauna {Elephns t„^ndtonatis, Mostodon arvef 7 ,ensts and Troeonthfrium 
belong apparently to the Main Terrace 315 * 

K^serV Middle Rhine Terrace^ (Du^ middmlerr^}, subdivided by 

?; "’I'ch later by C 

Mor^ioyZ2 into the Talhan^errassf above and Tatipegterrasse hiAov>, is well 
displayed near Basle, near Jtonn and in the Moselle below £pinal; under 
Koln It IS i8 m thicLJ^ It is separated from the Main Ternui bv a phase 
of downcutting which between Bonn and K&ln was about too and 
represented almost one half of the duration of the whole Glacial period so 
that the Rhine and Meuse and their tributaries have eroded deeply into the 
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Main Tt-rrace, and the Middle Terrace, bordered hy high banks, op vers their 
broad floors. 

The Lower Terrace (Dut, Laagterras: fig. 208), generally about 5 m above 
the present river (in the Netherlands it is under the alluvium} is double or 
treble ^26 in the Saar^ Neckar and lower and upper Rhine, being either late- 
Pleistocene and Recent in or belon^ng to Wurm i, 2 and 3,32s in this 

leirace-complex there exists an interstadial horizon ^sith wam^er planta.^^^ 

The one glaciation definitely established for the lower Rhine, the Saale— 
It pushed the Paludinaf here called the Krefeld Bedst-^^o into its stau- 
moraine at llulserbcrg, Eyellscher Berg, etc.—is usually linked with the 
Lower Middle Terrace^^^^ as it is in the Ruhr valleythough it is often 
equated with the Main Termcet since the land and freshwater molluscs of 
this terrace are relatively cold^^S; it encloses 
northern material 3 ^ and big blocks, 
probably transported by drift-ice 335 ; and 
It 1$ asspciated with overflow valleys, due to 
ponding by Scandinavian ice, ^34 with 

boulder-clays and ice-pressure disturb¬ 
ances 337 between Krefeld and Nijmegen, 
on Daehsburg and Duisburg, and on the 
north-west slopes of Hulserbcrg. Its 
equivalents in the tributaries are contem¬ 
poraneous u^th moraines in the Taunus, 

Odenw^ald and Vosges.^^s 

The TigHan beds 331 ^ are interglacial. 

First found at T^clen (Lat. Tigli&) in the 
Meuse, and later in the Rhine, they underlie 
considerable areas in the t^vo valleys 1 ex¬ 
tending southwards and south-westwards 
to beyond Bruggen and, without the flora, 
to w^est of Koln and benveen Klcvc and 
Nijmegen—the horizon of Neede in Ovcry'ssel, with Paludina (Vhdpar^) 
diluviana, Vahat^ naikma, Cetvus ekph&s, Eqttu^ ^seribomenm, Elephas 
antiquus, Dkeros and Vitis vimfera^ PiUptnir AItivs, Pitius 

and Acer, is apparently younger than the Tiglian since it contains only 19 % 
of exotic plants compared with the 40% of Tiglian^ (cf, p* 

Tiglian beds consist of peats, fine green or grey sands and clays, Avitb a high 
percentage of calcium carbonate and were deposited in a lake traversed by 
the Rhine Their land and freshwater forms Include Trapanat^ns, Vitis 
vimfera, Cortius mas, Nuphar Ivtea, Abm pectmata, Paludina diiuviana, 
Vahata natfcirta, Bythima teFtiaoilata and Umas. Viviparus gladaiis is the 
most conspicuous mollusc. Their planta ,342 which contain 56 genera, 
generally denoting drier and slightly more southerly conditions, include 
exotic species from east Asia—the non-European “Tertiary” genera are 
Actinidia, Decodon^ Dalkhium, Eucommia, Eutyale, Magnoiia, Mmispermum, 
Phellodendroit and Pierocarya. The mammals 3^3 the impress of 

a warmer climate, for they comprise Equus stenonis^ Rhinoceros etrusass, 
several species of Cer^udae including Cervns sedgteicki, Tr^^o'iifierijdm nmeri. 
Hippopotamus, Ekphas meridionaliSy Macacm cL Jloreniinus Cocchi and some 
small vertebrates including Alkrotus intermedius of the Cromer Forest Bed. 
The fauna, however, show’s none of the palaeontological contrasts of the 
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latter (see p, 995), the plants and animals clearly belonging to one age and 
one climate. The bonc$, unlike those of the Forest ^d, have their fine 
superficial sculpture intact. 

'ITic age of the Tiglian 15 controversial 1 1 has been given as Pliocene 
or earlier than the Cromerian^ (= Norwich Crag and Chillesford Clay or 
Butley^Wcyboume Crag interval) and equivalent to the beds of Frankfurt-am- 
Main^^: the flora denotes a climate 4-5 °C warmer than now, has Asian 
species and reveals an uninterrupted floral succession from the upper Pliocene. 
Nevertheless, it probably belongs to the earliest interglacial^* or Gunz- 
Mindel^ since it overlies in the region of Dordrechtmarine sediments 
with a cold fauna containing Yoldia arcttca, Atteirle borealis and Cardium 
groetihndiaim and near Venlo a day with cryoturbate structure,^** and its 
mineral content (e.g, garnet, epidote, hornblende) proves that the northern 
kc (“Elbe” or “ Baltic” glaciation, sec p. 941) lay within tlie Rhine-Meuae 
delta area. It has, however, been put in the interstadJal of the first glacia¬ 
tion or made as late as the Mindel-Riss interglacial.^^^ ITie early 
Pleistocene flora in the Schwanheim-Kelstcrbach Terrace in the Mainz 
basin,with 24% of exotic species, belongs to the same interglacial (see 
p. 693). A similar fauna and flora has been found in south-west Germany, 
in Ddmatia^^ and in Italy, Belgium, France, Austria and Hungary,^^”^ 

Although the Rhine terraces are coeval with the glaciations (H. Quiring^^* 
dissents and R. Grahmann^s® equates them with interglacials, viz. Main 
Terrace = Cunz-Mindel, Upper Middle Terrace = Mindel-Riss, Lower 
Middle Terrace = Riss-Wurm and Lower Terrace = Wurm 1-2), the manner 
of their equation with the Dutch and German drifts has divided geologists 
into two spools which differ upon the number of times the Scandinavian ice 
preased into the area (see p. 94^) of the terrace it disturbed. 

The older view, 3 «> recently revived, equates the Main and Middle terraces 
with the Saale and Wcichsel glaciations respectively, the Lower Terrace w ith 
the alluvium, and the loess with the last glaciation. The Main Terrace alone, 
it contends, is outside the end-moraine of the Saale glaciation, the Middle and 
Lower Terraces occurring within it, while the Main Terrace east of the Rhine 
overlies boulder-clay and has northern erratics embedded in it beyond the 
moraines. The state of weathering of the v'arious drifts and terraces is in 
harmony. 

The other school displaces the correlation by one glaciation and brackets 
each terrace (Main, Middle, Lower) with a glaciation^^i (Elater Saale 
Wcichsel)—the upper plateau terrace of the Neuwied basin (ace above) is 
equated w'lth the Gunz. ft emphasises the relationships to the Eem zone 
and the Paladitta beds; the Main Terrace's association with boulder-clays and 
ice-disturbances (see above); and, especially, the glacial age of the Lower 
Terrace which contains remains of woolly rhinoceros^*^ and, like the last 
drift (see p. 521), excludes the loess which was contemporanmus with the 
deposits and the flooding of the terrace .363 The Hoogtgfrm is equated with 
the Riss.3W 

Correlation of the Alpine and Scandinavian glaciations by these terraces is 
extremely attractive: the Alpine drifts and outwash terraces grade into the 
Rhine terraces about Basle where the Deckenschotter is 136 m, the Hoch- 
terrassc 70 m and the Niedertemasse 36 m above the present Rhine 363 - the 
terraces of the lower Rhine fall within the bounds of the Scandinavian 
glaciation; and the terraces of the upper and lower Rhine pass through the 
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Rhine gorge. Unfortunately, each link is somewhat weak- and attempts to 
follow the terraces through the Rhine gorged have met with indifferent 
success. The terraces, including tlic Main TerraeXt^^^ are poorly developed 
over this stretch, except in the youthful tectonic Neuw ied basin where scvcira! 
plateau, valley slope and valley flcKir terraces are distinguished; intercrossing 
and splitting have introduced confusion of levels (see p. 1267); and each 
terrace is frequently double like the glaciation^*® (see p, 919). The middle 
Rhine stretch has been uplifted: F, Klutc and W. Will^*^ have concluded as 
follow's: uplift waa strong and rapid after the Main Terrace (Gun^), was 
weaker and slower between High (Mindel) and Tdwegterrace (Riss) and 
small but rapid after the Talwegtcrraoe and Low'er Terrace (Wiirm)* F ault- 
ing and epeirogenetic rnovements w^hich w^re probably not simultaneous 
everywhere or in the same sense or of equal intensity have, for example, 
buried the Deckenschotter at considerable depths in the Rhine rift valley^ 
Near Basle, the Hochterrasse is above the Niederter™se (see above), south 
of Mulhouse the position of the terraces is reversed. Near Karlsruhe the 
bottom of the glacial schotter is below sea-levcI, at Mannheim at — 55 m 0 ,D. 
and at Heppenheim at —250 m,^^* According to Mordiiol,^^^ Steinmann s 
Middle Terrace is the continuation of the Sockelschotter (Riss) above Basle 
his Talvvegtcrracc, of Riss-Saale age and the only Rhine Terras in irnmediate 
relation to the moraines of the two regions, is the only stratigraphical link. 
Firm conclusiorta wBl only be arrived at when the terraces throughout their 
course have been studied petrologically like those in Hollandi^^ and when the 
parts played by glacio-eusiasy (see p. 1354)—dus has led to the correlation of 
the terraces with interglacial periods (see p. 1044)—and by tectonic 
movements (see p, izbt) have been properly assessed. 

The loess horizons,^^^ two in number in the upper ^ RhinCt e-g- about 
Wiesbaden and Wettcrau, and in the Eifel and lower Rhine have, howeverp 
been especially valuable^ The older loess is younger than Steinmann a High 
Terrace or the youngest Middle Terrace and the new'er loeasp as noticed 
already, is the same age as the Liower Terrace (loess, said to occur on the 
Lower Terrace in the upper Rhine,^^^ i^ not true loess 3 ?^), 

Since the two loess horizons belong to the Riss and W urm (see p. 1027)^ it 
follow's that the I^swcr Middle Terrace in the Rhine gorge and low'^r Rhine 
and the Middle Terrace in the Mainz basin and upper Rhine are roughly 
equivalent to the Riss, and the Lower Terrace to the Wunti^^'^ L* 

W ers'cke 378 alone dissents. The Main Terrace is probably equivalent to the 
Swiss Deckenschotter,^7P the Elster glaciation of north Germany, and the 
one glaciation definitely proved for the lower Rhine. WTiile the Tiglian is 
correlated with Gunz-Mindel, the Krefeld Beds are referred to the MindeL 
Riss, and the Moers and Munchen^Gladbach beds to the Riss-^^ urm. 

The previous considerations may justily the following tentative but 
reasonable correlations* 
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This correlation is supported by the testimony of the tributarieSp^si ^ 

Lahn and Main and those draining the southern slopes of the west Taunus, 

as well as by the parallel historj' of the Moselle 
and Meu3e,^S3 wboee terraces below Lifegc 
spread more and more to tlie north and finally 
cover the Bas-Flateau of Campine and southern 
Dutch Limburg (6g. 209)* In a dissident view 
the various members of the Main Terrace of the 
Meuae—deposits containing Vhipura diluvuina 
lie underneath this terrace—have been equated 
with the Gunz, Mindel and Riss 1, the Middle 
Terrace w^iih Riss 2, and the Low'cr Terrace 
with Wiiirn.^^ In the Schelde, which w'as not 
fed by meli-water from glaciers^ terraces corre¬ 
sponding to the Mtndel and Riss glaciations 
are unknown. 

The state of weathering and %'aried topo¬ 
graphy of the drifts, and their relation to the 
two lo^ horizons agree in equating the Mindel 
and Riss drifts with the Elster and Saalc glacia¬ 
tions. The Weichsel and Wurm have unani- 
rnously been treated together, the latter being 
linked with the Fliming or Brandenburg phase. 
I’hia^ howeverp has been equated with Wurm I 
and the Pomeranian phase with Wiirm 
The Warthe may be Riss a. 

On the VollgliaderuNg hypothesis. 387 the lower 
and upper Main Terrace are equated with 
^>IindeJ i and Mindel 2, the Middle Terrace In 
general tvith the Riss. and the two members of 
the Lower Terrace with Wurm i and 2. 

H. Gan^s 38 S correlated the various fossili- 
feroua hoiTjtons of continental Europe as set out 
in the table opposite, 

cultures. The relation of the 
drifts in north Germany to the palaeolithic 
raltures^®^ is by no means so helpful as might 
be expected j for the rigorous climate of this 
more e^terly area was less oondudve to human 
habitation. No Abbevillean or Acheulian (see 
below) has been found over the glaciated area 
of centT^ or eastern Europe. But apart from 
t his from the implements which are p robably 
eohthic or Campignian in facies ,390 such as the 
alleged Mousterian industry of Sthaalsee near 
Liibeck 3 « jmd the doubtful artefacts claimed 
as pdaMlithic, 3 M there is ambiguity through the 
dash of opmioti about the cultural age of particu- 
Iw implements. More than elsewhere, elassihca- 
non, whe^cr by allocation to types or by tech- 
luque, )3 largely a matter of persond judgment. 
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While the palaeolithic sites in Germany, e.g. the cavesand Mauer^ 
(generally placed in the first interglacial), are outside the limits of the drifts, 
a number of stations occur within the influence of the Elster and Saaic 
glaciations : they include south Hannover,^ l^'hiede and Wcstercgeln (the 
northernmost definitely established palaeolithic sites in Germany), Marktiee- 
berg, Taubach, Weimar and Ehringsdorf^ all m the 11 m valley of Thuringia,^^ 
and Wangen, Hochstedt and Wetdn in central Gcrmany.'^^® These w'ere 
formerly regarded as Acheulian (1 and 11) but are referable to early LevaU 
loisian and associated with the oncoming of the SaMc glaciation (Levallois 
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flakes are embedded in its outwash^®^). At Markkleebergi near l^ipaig, 
lower Levallois implements^®® (also referred to CheUean or Acheulian'^^), 
with mammoth and woolly rhinoceros, belong to the advance phase of the 
Saale glaciation^^: its late Clactoruan implements are the oldest implements 
in Germany. Of Elster-Saale date are the iMiddle Clactonian of Gronau and 
Dshren, the Clactonian of the Wangen Terrace in the Unstrutt valley, and the 
implements of the Main Terrace of the Saale and the Aliddle Terrace of the 
other central German rivers and of HuntUsberg.^^ 

The implements of the interglacial travertines of Taubach, Weimar and 
Ehringsdorf (with Elephas antiquus and Diceros mertkirf, which are variously 
claimed^ as Chcllean," warm " Moustcrian or llmian are late Acheulian 
and the equivalent of the Saale-Weichsel interglacial or Alpine Riss-W 
'Fhe Micoquean of the Rabutz Clay also belongs to this interglacial.'^ The 
implements of Hundbberg, near Magdeburg, have been regarded ^as 
Acheulian and interglacial'*®^ or as Mousterian (Levalloisian) and Riss glacial 
in 
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WTiile the lower Palaeolithic in both Germany and Poland is situated 
outside the limits of the last glaciation —Achculian hand axes and Rakes 
occur chiefly between the Elbe and Weser outside the Warthe and Weichsel 
moraines but inside those of the Saale and Elster glaciations —IVIousterian 
implemcnls^ with mammoth, woolly rhinoceros and reindeer* are found in the 
drift succession of the Rhine-Herne Canal*'^^^ and early Mousterian skeletal 
remains in the Kieselgur of the Luneburger Heide.'*^^ Other paEaeoliths have 
been found at Gruncwald near BerlLn.^^^ 

Mousterian implements in the lower rodent layer^ assigned either to the 
Riss or Wurm (see p. 1037)* are followed by Aurignacian with the steppe 
fauna of Pf/ij Equus eaballus and Cervus Tne^aceras^ which is widespread in 
the younger loessp e.g. Lcinc* Saale, Saxony, Thuringia and Upper Silesia. 
Traces of upper palaeolithic man have been discovered near Berlin and 
Brdrup within the Baltic moraineSp**^'^ occasionally in interglacial beds or in 
later drifts derived from them. In the area of Lake Pukwy, Poland, Solu- 
trean implements* probably obtaining their material from nearby Chalk 
outcrops* w'cre abstracted from clays of a glacier-lake impounded by the last 
ice-shect,^^^ The Aurignacian belongs to the last interglacial, as A, Jessenj 
V, AliJtherSj A. Penck and h. Wicgers maintain^ or to the interstadial following 
the Mousterian of the Brandenburg advance,^^* The Magdalenian* on the 
strength of the stations near Brandenburg and Hamburg (types related to the 
Crcaw'elli^ or Swidirian^^"^), is regarded as synchronous with retreat stages 
of the Weichscl or the Gotigladal: it has been found as far north as Sylt.^l^ 

Of the human remains Heidelberg man probably belongs to the first inter¬ 
glacial. SteinheSm to the second, and Elmngsdorf to the tliird. Neanderthal 
man belongs to the last glaciation. 

In Schleswig-Holstein, G. Schwantes-*^ recognised the following six stages 
after the retreat of the ice: Schlutup stage near Lubcck in lateglacial beds 
with reindeer anders] Schaalsec stage with survi’t'als of palaeolithic forms j 
Ahrensburg st^e (aee p. 880); Duvensee stage (= Lyngby culture); 
Boberg stage with Tardenoisian microliths; and Oldcsloe stage (= Gudenaa 
stage of Denmark), 

The two glaciatio^ often recognised by Polish geologists are correlated 
with the Riss and though the three glaciations also recognised fsee 

p. 954) are cqiiated,-*^^ on the basis of their morphology, loess and pre¬ 
history, with the Mindcl Riss and Wiirm (Salta, 1947) or with the Riss and 
Wurm I and 2 (L. Sawicki). Korowsti^J has mapped the palaeolithic sites. 
In Ru^ia. the outermost drift, gf obscure age, has been related to the palaco- 
hths^^ and equated with the Saale glaeiation^is MindeM^^ 

Riss^^^ or Wurtn.-*" 

The palaeoUthic occurrences in the Low Countries^^ do not throw any 
light upon the ques^on of correlation, though both lower and upper palaeo- 
hths lavebwn found without and within the limits of the maximum glaciation 
in Holland.™ ^ 


Believers m MiUnkovitch's cun,-e and its glacial and interglacial equiva¬ 
lents (see pp. 919, 1544) correlate Elstcr with Mindcl 2, Saale with Ri« s 
Warthe with Wurm i. and Weichscl with Wiirm 2.^1 ^hm brick« 
Warthe with ’VVurm and Brandenburg moraines with Wurm i 
The river-terraces of wntral Europe, e.g, Saxony, contain few palaeoliths 
but fortunately are associated with watm travertines and with cold loess and 
soIiRuxion deposits. 
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(D) British hies and Continental Europe 

Correlation of the British with the contmenta] drifts of Europe is even more 
difficult than that just Considered. It is uncertain which British glaciation 
was maximum though the honour should perhaps be awarded to the Great 
Chalky Boulder-cby and it$ equivalents. The identity of the "great inter- 
glacial" is also in dispute: it may have been the "Hoxne interglacial”'*^^ 
whidi wa$ characterised by a marked cUmatic amelioration and by aggrada¬ 
tion of the valleys. The ^mian has been correlated with the Swanscombe 
I'efT^e of the Thanies^^^ with the C&rbkul&JIummalijgTSLvds of Holderness 
and Marchj with Kirmingtonj^^^ and vdth the Cromerian^^^—O. TorclH^^ 
early equaled the Cyprina Clays with the L^da my&lis Bed, The Newer Red 
and Weybourne C^rags are usually equated with tlie Giinz (or its two phases). 

The three post-Cromerian glaciations usually recognised are generally 
assigned to the last three Alpine glaciattonSp'*^ though the Great Chalky 
Bouldcr-cUy has been equated with the Mindel"*^® and Wiirm^ (and the 
Baltic Morainesand the Newer Drifts correlated with the last Danish 
and German glaciation,has been bracketed ^ith the Saalc or Warthe 
glaciation**^—the Cromer Ridge is Joined up with the East Jutland moraine 
and the Warthe glaciation.**^ The three British glaciations havc^ therefore, 
been equated with the CuriJ!* Mindcl and Riss**^ or with the Riss (bvo 
glaciations) and Wurm.**® The Cae G^vyn and other .-lurignacian caves 
of North Wales are referred to the Laufen oscillation**^ which was followed 
by the Magdalenian glaciation. The mammoths of Scotland (see p. 809) 
have been placed in the Riss-Worm,and the District Glaciation (see 
p* 1207) has been correlated with the Ponders End beds and their equiva¬ 
lents^^ and with the Baltic Moraines"*^^ and the Soiutrean*^^ (and even with 
the Riss glaciation*^^). H. Breuil*^^ places the too-ft terrace of the Thames 
in the pre-Mindel age, the 50-ft terrace in the Mindel-Riss interglacial, and 
the coombe-rocks that overlie the terraces in the Mindel and Riss glaciations. 
TTie Ponders End stage has been equated with Wurm i and not a$ 
generally supposed with the Magdalenian or Wurm z. 

The following correlation has been made*^^; later Crags ^ Gunz; North 
Sea Drift = Mindel; Great Chalky Boulder-cby = Riss^ Upper Chalky 
Drift = WCirm i; Hunstanton Boulder-day = Wurm 2. Much may be said 
in favour of equating the Cromer Forest Bed with Mosbach and Mauer 
(though the microtine fauna suggests that the Forest Bed is somewhat 
younger*^^). ITie Corton Sands are probably the equivalent of the " Marine 
high terrace” of the Netherlandsand the Flolstein Sea—Kirmlngton has 
also been placed on this horizon—and the little Eastern glaeiation of the 
Warthe. The mammalian faunas and drifts may be correlated as follows*^®*: 
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(c] Transatian tic Co r relotions 

It has been asserted, on untenable grounds,*^ that the glaciations about the 
North Atlantic 'were not synchronous: the North American ice and its at¬ 
tendant anticyclones synchronised with warm south-west winds over Europe 
and a vast cyclone over the North Atlantic, and the glacial epochs of North 
America alternated with interglacial epochs in Europe and vice versa (see 
P- 1539)* Alternatively, glaciation in regions of continental and oceanic 
climate alternated^! and the northem hemisphere was no bigger 

than in the Arctic to-day; a shifting polar cap cjcplains extensive glaciation 
(see pp, 625, 1538). Again, the four Alpine glaciations have been made 
equivalent to the four phases of the Wisconsin,^^ 

Ne^'crthelcss, tb^e glacial successions on opposite sides of the North Atlantic 
tverc almost certainly in general coeval. They were in the same climatic 
ione; their ice-e,^ents and glacial cun.'e$ were similar; their glacial snow- 
lines^*^ and fossil isoflors*!*^ were similarly depressed; their several drifts 
were weathered to a like degree^^; their icc-sheets disappeared contem¬ 
poraneously—Post Buhl in Switaerland was 20,000 years,"*^ postglacial time 
in Sweden 13,000-14,000 years,^^^ the Niagara and '^I'oronto regions were 
freed 20,000-25,000 years ago,^*^ post-Wisconsin was 25,000-30,000 years,*!® 
and Lake Agassiz’s final stage was 10,000 years agoA^o 'I'heir late-PIeistocene 
climatic changes were generally paralleH^! (the belts of retardation are of like 
width and are similarly situated within the glaciated areas as were those 
of the Allerdd oscillation (see p, 1431), of tlie Climatic Optimum (see p. 1482) 
and the climatic stress of the 14th century ($ee p. 1502). The epi- 

glacial upwarping of the lands was eompa'rablc^^^—the rate in both regions 
has decreased during the last 5000 years to about half its previous value—as 
is the present-day glacier retreat (see p. 146), 

Precise correlation, however, presents its difficulties. The mammalian 
faunas show certain differences (see ch. XXXI\T; North America has no 
palaeolithic cultures (cf. p. 86^) or deposits resembling the Cromerian; the 
number of the glaciations is discordant—hence the Illinoian and Iow an have 
been bracketed with Rlss r and 2^“^^ the five American glaciations arc 
classified with the classic Alpine four, plus either the early Donau glaciation '*'^7 
or the Nmwurm.’*^® the ^pine four arc bracketed with the Illinoian, Iowan, 
Early and Late Wisconsin, the Jerseyan and Kansan having no European 
equivalents,^^® and the three North German glaciations are raised to the 
standard four by the insertion of a "Middle Drift'* or in other ways (see 
p. 941), Lastly, it is uncertain to which of the American interglacial epochs 
the title "great” should be awarded (see below). 

When the glacial marine record in the North Atlantic Ocean {sec p 921) 
which prffiumably is continuous, has been discovered by cores taken along 
the meridians from the Arctic Ocean into the tropics a new* approach mav be 
opened to the correlation we seek. Until this has been done or some other 
means of correlation has been discovered, the four North American glaciations 
may speculatively but reasonably be equated as foliow5*W0_ihe Msitiem of 
the Warthc is uncertain but may have its counterpart in a second staee of 
the Illinoian (Flint, 1953). ® 

Among the reasons w'hich may be assigned for this correlation are the 
following: the several drifts have the same ratio to the total glaciated area In 
the respective regions'!®!; ^he Nebraskan drift, like the Gunz and Elbe 
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glaciation of Europe, was less extensive tlian the later ; the maxi mum, 

in generalp was during the second glaciation ; the main loess horizon occurs 
between the third and fourth drifts; the “great interglacial" in North 
America was probably the Yarmouth the Iowan may be the equivalent of 
the Warthe^®^ ^ hich shows much resemblance in the uncertainty of ite ejtact 
position relative to the pa^eeding and folloAving glaciations though the Warthe 
may be, as in Germany, a second stage of the penultimate (Ulinoian or Saale) 
glaciation the topography of the Wiiim, Weichsel^ Newer Drift and 
Wisconsin is fresh and youthfuH®^—the equation of the Wisconsin with the 
Ra or Gotiglacial moraines'^®® or with the Riss and Wurm^^^ has nothing to 
commend it; and the great recessional moraines in North America and North 
Germany are strikingly similar in their arrangement and distribution.'*^ 

In Europe, it is held that the three older glaciations were double and the last 
glaciation double or triple: this is suggested by the evidence of the Alps (see 
P- 937 }» of periglacial terraces of central Germany (sec p* 919), of the 
Somme terraces, and of evidence from other areas {see p* 919)* The 
sudden influx of arctic shells %vhich occurred twice in the East Anglian Crags 
(Newer Red Crag and Wey bourne Crag; see p. 599) also suggests that the first 
glaciation (Gum f) was double. Except in the Wisconsin, North America 
has little or no evidence of this Votigliederutig, though the loess horizons may 
indicate advances hitherto unrccognbed.^^* 

A correlation betw'een North and South America is difficult: the faunas 
show considerable differences, and in both north and south survived until a 
late stage{see p^ S65). 


{d) Worid Correlasions 

A correlation table for the world is at present somew^hat speculative i it is 
claimed,example, that climatic alternations diminished eastiivards in 
Eurasia, and that Europe had four glaciations, European Russia three and 
Asia two. Nevertheless, occasional attempts to link Africa and Asia with 
Europe and America have been made****^ ^n the basis of fluctuations in the 
power-volume of rivers and of orogenic and tectonic movements which give 
three major cycles. Palaeolithic cultures are a very unccitala basis (see 
ch. XXX^^, if only because of hybridisation and faulty synchronisation of the 
cultures. i*hc mammalia appeared and disappeared at different times. 
Thus while Etephas ftamadicus was at the same stage of development as 
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antiquus and Bos namadicus was a close ally of Bos prim^atius, Stegodan 
died out in Ciuna in lower Pleistocene, in India in middle Pleistocene, and in 
java at the close of the Pleistocene.^^^ The sequence in north and east 
Africa is only provisionally outlined, and many difficulties attend the making 
of correlations even in small regions. 

Mean sca-levels, if the)' could be exactly determined for each stage, should 
provide a useful check, as should the climatic rhythm of river aggradation and 
erosion, as dev'eloped in both glacial and pluvid regions. 

'I'hc foUowing table for Asia is based upon the correlations made by several 
authois^^^t 
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While the "Boulder Conglomerate” of India is Pleistocene—it contains 
Bos, Equus and Ekphos namadicus and glacial debris—and the Pinjor is by 
some'*®’ referred to the Pliocene, this horizon seems to belong to the Villa- 
franchian age of Europe, for it contains, besides persistent forms, Equus, 
camel, early mammoth, Etptobos and other advanced mammalian types. 
Even the Tatrot which has some of these forms is assigned to the 
Pleistocene ,^98 ^ough it is better regarded as transitional.^** 

The Plio-PIcistooetie mammalian fauna of Jav-a (Tjl DJulang} i$ closely 
related to the Upper Siwalik fauna of India {Tatrot), the Siva-Malayan fauna 
of von Koeni^wald,«» which migrated from India—the fauna includes 
EUphas phni/rons and Ilippopotamus. The KaU Glagah fauna, which is less 
well dehned, contains 4\fastodon bumiejuensis, St^odon, Elephas cf planifroHS 
Sus stremmi, Mautiuetts, Cervus steAlim, Bos sp. and Hippopolamus simplex.^^ 
The Djetis fauna Includes Fflis, Epimachatrodus, Lutra, M^acyon Ursta 
Hyaeua, Hippopotamus koenigswaldt, Cervus probleotallcus, C. sscaani. Ante¬ 
lope Toodjokertensis, A. saatensis. Bos, Ithmoeeras sondttkus, Jt, kenden^ndicus 
7'iipirus, Nestoritberium, Stegodon, Elephas sp., with monkeys, gibbons, orane 
and man^W {M^anthropus and PitAecanlhropus). The Mogok Cave fauna 
(c.g. Stegodon orienialis, E^has namadicus) of cgnttal Asia resembles closely 
the cave-fauna of south-w'cst China and is the correlative of the Narbada 
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fauna of India and the Trinil fauna of Java—this is the Sino-Malayan fauna 
of von Koenigau'ald. The Trinil fauna; differs from the preceding fauna in 
that Epm^chairodui^ Neslorithmum, Leptohos and other TcTUs.vy types have 
disappeared. Guide fossib are Cmitr (Axis) iydekkeri and Dubmsia kroe^enii. 
AdditionaJ are Stegodon^ EUphas cf. namndicui and Pithecanf/tr&ptis er^ius. 
In the Ngandong fauna the antelopes have disappeared and Hippopotamus^ 
Stegodon and Elephas are highly specialised. Characteristic are Cervus 
paUieojavatiicus^ Sus t^haaii and Jfomo io!o0^sis. The middle Pleistocene on 
tile mainland is commonly presenied in caves, e.g. Mogokn Hoshangtun, 
Trinil, Kwangsi* SssechAvaiit Chou-k'ou-tien. 

Correlation of South Africa with the rest of the world is vety difhcuU since 
the majority of the fossil mammalia are not closely related to those of Eurasia 
and are even less related to those of America. In East Africa, where many 
animals which became extinct in Europe sufa ivcd into the middle Pleistocene, 
e.g, Deinoiherium, Chah'cotitertum and HtPparioft, the correlation with 
Europe may be made as in the table facing p* 112S* 
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PERiGLACfAL REGIONS 

The ice-5hcct& and oth^r large ice-masses of the Glacial ^riod had fringes 
of unknown but doubtless considemble w'idth where pcnglacial processes^ 
already described (Part III), were actively at work on both land and sea. 

li On Land 

(a) Frost and Salifluxion 

General, The perigJacial stone of the Pleistocene, whose importance has 
been realised only during this century^ was characterised by severe cold and 
by snow on those parts (I L Leeoq's terram which, though highn were 

too low to nourish glaciers. These conditions^ which the nearness of the ice 
and its overlying anticyclone induced, arc proved by the flora and fauna and 
by evidence of widespread soliflutdon and by kindred phenomena. 

Analogy^ with tlie present Arctic is untrustworthy ; for the periglacial zone 
in Europe and North xAmerica w'as physically different ; its topography was 
more level and its ice terminated mostly on land instead of in the sea. It also 
differed climatically, as in its heat and light and sunlight periocb.2 ft had 
no long w’inter night; its temperature oscillated more widely^ and (assuming 
neither continental displacement nor polar movement), the sun's rays, im¬ 
portant in their physiographical influences upon the vegetarion, were incident 
at a higher angle. It differed too from the Alpine climate which has violent 
temperature changes, heavy rains, hailstorms and snow, rarefied air, more 
inteiise light, and greater warming of the ground during the day^ The 
climate, therefore, was neither arctic nor alpine but glacial {see p. 1073). 

Despite statements to the contrary, ^ the ice-sheets seem to have had a 
broad belt of frozen ground about them,^ especially in the more continental 
regions, as may be implied for the last glaciation by the even surfaces of the 
older drifts (eL p. 1150). Thus Simnneff were preserved in the North 
German Urstromtdler^i frost cracks, pseudomorphs afur ice-wedg^ filled 
with loess or local material which later slumped in, occurred in drifts, and 
other rocks in France,* Denmark,^ Holland and Germany® {e.g. Westphalia^ 
Aschaffenburg, Weimar, Dresden, Gera, Gottingen, Ehringsdorf, Silesia), 
Hungary, 5 *" Bohemia and Moravia,^® Russia,'^ the Briciah Isles ^^n the 
Cleveland Hills, at Lincoln, in Co. Durham, at Cambridge (Traveller's Rest 
Pit), near ^Vh^ttlcsey (Fens) and near Londonderry'), and in North America 
—they are up to 75 m long and 6 m deep; solifluaion phenomena (see below), 
including contorted gravels, were AvidespreadJ* as in south-east England and 
north France; fossil Kanen were formed^^; boulders were transported to 
considerable distances^*; valley's were made asjTtunetrical, c.g. in various parts 
of Germany 1^ ; peats and marshy vegetation grew' on very pervious sands in 
Hollandift* “dry valley’s” were e?[cavsted in permeable rocks (sec below); 
and reduced percolation due to the frozen ground caused glacial cave sedi¬ 
ments to be Relatively thin the rate of accumulation in central European 
caves may have averaged 2 cm per century. Frost-heaving occurred in 
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Holland^ and even near Bordeaux,^^ palsen^ in Poland and WashingtoHj 
and stone-net3 or rings^^ e.g. in Holland, Denmark, Sch 1 eawig-Hol$tein, 
Hungary, the Vienna basin, France and near xVberdeen. 

The depth of the Pleistocene permafrost is unknown but in north 
Germany2^ may have been 3"4 m* i.c, the depth of the disturbed zone below 
the solifluxion Layer—frost wedges give only the minimum depth. Both 
depth and extent probably changed considerably a$ the pcrmafr(>st developed 
at each glaciationK^® The thaw layer, determined by the depth of the soli- 
BuxJon features, may have been 2-2-5 the lower Rhine region and 

up to 3 m in Holland ; the thaw-lines, which ran east-west in the south of 
England and norEh-east-south-west in France ^ conform ^ like the trecline in 
these parts^ to the low' pressure oceanicbay coming into the Low^ Countries 
from north-west F rance,^ The depth decreased into the cold area of central 
Europe but increased again into the Hungarian Plain w'hich had a continental 
summer temperature. 

SoliSuxion, like all other periglacial effects, was displaced equatorwards« 
J, Budel estimated the displacement between the meridians of o'" and 15* E. 
at 22-24^ of latitude (see fig. zao, p. 1137)1 diough the zone w'as then qualita¬ 
tively different from that of to-day because of its low’er latitude. Slidea of 
thawed dush and soih ’with involutions, garlands and Tasrhenbotlett,^^ w'ere 
first found fossil in England where S. V, Wood^^ appreciated their true 
significance (see below). They were afterwards noticed in northern and 
southern France(as far south as Bordeaux and the Mediterranean littoral), 
the Ixjw Countries,^^ Germany (including the Rabutz E^ckenion and as far 
south as Swabia), and elsewhere in Europc^^: in north France, they con¬ 
tributed much of the coarser material to the river-terraces.^^ Their role w^as 
considerable in the Gotiglacial tundras of south Sweden, and may have been 
responsible in central Europe for the present physical forms which are an 
inheritance from Pleistocene times(pL XXVIa, facing p. 913). 

Stone-rivers existed on the Polish MittelgebirgCj the Lublin plateau, and 
the Wolhynia-PodoHan Ridge. Even fossil polygonal markings from these 
timest scarcely to be expected and sometimes denied are occasionally 
indicated (see above). 

The Ice x\gc in North America favoured the formation of screesand of 
creep,^ gave rise to extensive landslides by frqst-h^ving,^i and occasionallv 
produced stone-siripes,^^ as on the Columbian Plateau. It also widened the 
valleys, m in the Appalachian Mountains of Pennsylvania and the St. Francois 
Mountains of MissouriIn South x^menca it contributed to the making 
of the Patagonian Pebble Beds-^ {los rodados p^ttt^ojiicos) which cover the 
high table-mountains and spread vdleywards to the west coast. 

Much of Europe was in the ^ip of the great frost. It shattered the rocks 
into blockficlds in many localities (sec below) and into screes a? far south, as 
GibralUr^s ("Qlder^' and "Newer Limestone Agglomerates”), Maltaand 
Cyprusthe flanks of the Juras they grade ihto JMebtocene terraces; k 
lowered the Scfnittre^ion^^ (by deprssing the Hochgebirgsreghn and the 
vegetation cover), thereby overloading the rivers (see p. 1026); it greatly 
accelerated erosive processes, e.g, of stream-action and solifluxion, even 
perhaps to a paroxysmic^ale,'*^ and by facilitating soHfluxion produced the 
asymmetrical valley of GermanySO as it does in Siberia tCKday.^l It burst 
the surfaces of erratics on morain^,^^ developed terminal cur%'ature and 
creep and formed rock-cliffs,^ like those of present Spiisbergen ; it 
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\vcathcrcd the Quadersandstein^^ of S<axonv and Bohemia (cf, p, 530) and the 
Buntt<mdstein^^ of the Voages and Black Forest and by drying tip springs 
interrupted the growth of tufa.^® 

In porous rocks, it produced valleys either quite dry or disproportionately 
big* These owe their existence possibly to cloudbursts,^®' but mainly to 
surface-streams when the ground was frozen,^ as described from present-day 
Canada, Novaya Zemlya, Spitsbergen and Greenland.®^ They occur in the 
coombes®^ of Susses and the Cots wolds, in the Bournemouth chines*® and 
Yorkshire Wotds,*^ in Oolitic rocks in Bromptondale and in Permian breccias 
and Bunter saridstonc in Nottinghamshire; in theMusc/telkalk of Wurttcmbcrg 
and the Swabian Malmkalk*>^ ; and in porous sands and gravels in the Flaming 
{Rutnmef), Liineburger Hcide and in other districts of west Germany** and of 
Holland Of like sign ificance were the frost cracks in permeah Ic Cretaceous 
sands in central Gcnnany.** Diminished evaporation, resulting from low 
temperatures, also enlarged the streams and rivers,*® 

Blockfleids (see p. 574) are found outside the present polar regions, e g. 
in Scotland^® (Ben Nevis, Skye, Moreen, Galloway), German Mittelge- 
birgc,®i I*jTenees.'^2 Spain and C;dabria, 7 ® Carpathians,^"* Rila Mountains,"I* 
and in the White Mountains 7 * of New' Hampslurc and the St. Francois 
Mountains of Missouri,” These more southerly accumulations are some¬ 
times being slowly added to under present conditions'^® but generally are 
**disharnionic features’V® a type of Helictenboden^^ or “dead** or “fossil** 
landscape®* which results in a “polygenetic topography”.®^ They were 
produced periglacially®® when the mountains lay within the infranival zone 
(their fossil character is sometimes denied®*) and low temperatures and lack 
of vegetation favoured them. Their analogues in arctic lan^ to-day, their 
neamcas to the Pleistocene ice, and the great distance to which blocks have 
been carried are suggestive. Positive proof is provided in certain localities 
by their relationship to moraints,®* e.g, in the Riesengebirge, and by their 
burial beneath loess,** as in Silesia (Zobten), the Black Forest, Teutoburger 
Wald and the low'er Rhine valley, beneath peats which pollen analyses show 
range backwards to the close of the lateglaci or beneath postglaci^ soils®®: 

in the basalt landscape of Hessen the blocks have a protective rind (Ger. 
Schutzrifid', Wiisteniack} of leather-brown or reddish-brown colour w'hich 
was produced in Wurm times. Some may have arisen by nivation as the 
plateau ice contracted.®® 

Periglacial aeolian action w'as widespread in Europe at each glacial stage.®*® 

River-ice. Large or striated stones in the terraces of valleys which may 
head in or be unconnected with glaciated territory also prove the climatic 
severity of the periglacial zone. The stones, delivered possibly by soli- 
fluxion,®* were carried bv drift- or anchor-ice and were striated in transport or 
in ice-jams; examples occurred in Germany,®^ e,g. Ncckar, Main and Rhine, 
England,®^ e.g. Thames and the valleys of Cornwall and the Bournemouth 
area, France,®* e.g- Seine and in Brittany, in the rivers draining Belgium and 
Holland,®* in south Russia®* as far south as the Black Sea, and in the un- 
glaciatcd valleys in eastern North America,®^ €,g* James, Potomac, Susque¬ 
hanna and I'ennessee, as well as in the lower Columbia and other valleys of 
the west*®® Ice-jams, which may have carried boulders 50-250 mile® 
{80-400 km) in Texas®® and as far south a® New Orleans, have been held 
responsible for the “ Spokane Flood'* of Washington«« (see p. 240). Large 
blocks in the Pleistocene out wash, as in Switzerland, were doubticrs® 
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carried by drift-ice. Flood-ice (see 565) may have played a considerable 
role and diverted streams as it does to-day. 

Avalanches. Avalanches, favoured by glacially ovensteepened hJilsides, 
were likewise active during interglacial times and in the late stages of the 
final retreat,^ especially while the ground was still without vegetation. 
Many screes were built up with their aid. The attendant floods may have 
carried some of the blocka novir strewn over the valley floors. 


{b) Glacial Tundra 

Existing tundra^ The tundras of to-daylie polewards of the treeUne 
whichp as a recent monograph shows/*^ emphasises most forcibly the climatic 
contrast betiveen the northem and southern hemispheres (cf. pp. 17+ 167); 
the treeline reaches its northernmost point in North America in c. 69® Lat.» 
in Europe in 70"^ 18' and in Asia in 40" (Chatanga);^ and in the southern 
hemisphere oscillates betiveen 38'' 30' S. Lat. (St, Paul) and 56® S. Lat. 
(Cape Horn)* Tundras cover 5-6 milliDn km in the icc-frec areas of 
Greenland and Spitsbergenp Eurasia north of the Arctic Circle, and of the 
Barren Lands which range as far south as 51* N, between the forests and the 
polar seas in North America. Their southern boundary is generally drawn 
along the July or summer isotherm of though some w^ritera make it 

coincide with the annual isotherms of o^'C or O. Nordenskidld^^ 
devised a formula linking the mean temperature of the warmest month and 
the mean temperature of the coldest month {fig, 210). Like the treeline 
in the Alps (see p. 1072)^ it reflects in its irregularity local and orographical 
conditionSp such as the strength of the winds and the degree of exposure-^ 
Where valleys like the Yenisei, Olcnek and Lena in Siberia or the Mackenzie 
in Canada provide shelter^ the forests push nortbw'ards and islands or 
pemnsulas of wood amidst the tundra mark favoured localities, 'fundra 
Dutlicis occur on high ground (■*alpine tundra”) or on exposed coasts 
( mantime tundra") The forest tundra (Russ, fyesaluadra) has isolated 
trees or clumps or islands” of trees. 

The^ plains, hills or uplands, Middendorf's 'Mce-steppes”, are treeless; 
saproph}lcs ™d climbers are absent as are practically all bulbous plants and 
parasites. Wuids, solifluxion and the arctic chmate help to prevent tree 
growth. Marshy hollows alternate with dry atony ridges and sterile and 
b^e mck^tundrasp the whole frozen hard in winter and sheeted in snow. 
Lichens and mosses, e g. reindeer moss {Cladonia rangiferina)^ abound, helped 
by the humus which the cold and impenetrable ground encourage to form. 
Perennial herbs are the commonest plants but grasses, sedges and other dr%' 
land a^ciatiD^ thrive on sandy moraines and boulder$, and low bushes, 
dwarf birch, willow-jumper and conifers live in sheltered $pots $ucb as miUieSp 
especially near the southern margin. Small flowering plants, a few ferns and 
hog plants add to the vivjd coloura of greens, blues and ycllqsvs 

This ve^tation, which is protected by the dry cold from bactcriaJ and other 
derompwition after d^th, la kept free from snow in many places hv the 
action of wind, has adopted vanous means to economise water - the adaota- 
tions arc a smaJlness of leaf, a crowding of the stunted foIiagMhoote into 
cusluon-like mas^. an e^nsive development of subterranean organs a 
wealth of flying shoots, and a common practice of producing buds nrar the 
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ground \vhcre they easily find protection through a cover of snow or dead 
leaves. 

The vegetation is sulHcient to nourish a considerable fauna, including 
reindeer, arctic fox^ arctic harCj lemming, musk ox, glutton» cnninc^ weasel, 
vole* wolf and browTi bear* These vertebrates frequent the tundras in sum¬ 
mer, the climatic extremes nece^itating annual migratioria on a wide scale. 



Fm. 210.—The cKtent of the Arctic ahcmin^ tufldm and Lee t^baded), July EciOpcmrure of 
io*C {solid I Em), ^^Kordcnaldald's Jiac" (dashes with N^s)^ louthcm limit of ccntinuoua 
peimiiroQt (doti and dAshes), southern limil of patches of penoafrost (dotted), F, K. Hare, 
rpoj. p. 956. 

Reptiles and amphibia are rare+ Conditions of life are evidently so severe 
that most of the molluscan species which inhabit more southerly regions in 
Eurasia and North America are here not able to survive. In some instances, 
the molluscs belong to '' archaic groups which w ere formerly more or less 
predominant in the world^s molluscan fauna but have been superseded by 
more recently evolved and apparently better adapted forms. The hardy 
northern moUuscs, under the uniform conditions, have given rise to few new 
species or varieties.^Other aquatic invertebrates inhabit pools and 
streams,^^^ as in Iceland. 
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The Antarctic treeless zone embraces the Falkland Jslandsp South Georgia 
and Bouvet. In view of Its oceanic climate and humidity^ it is bounded on 
the north by evergreens with a definite polar limit 

Tundra conditions resemble but are not identical with those which obtain 
in the r^gio 

Pleistocene tundra. That rieistocene Europe had a similar tundra was 
believed by E. Forbes (1846)1, G. Darwin (1855), J. D. Hooker (i860). 
O, Hcer (1864) and F. W, C. Areschoug (1869); subsequent research has 
justified this belief. 

This Dryas flora consisted of numerous species,* such as Dryas o€tQpei^la 
(which gives ti^e Pleistocene tundra its name), Sahx polms, S. myrsinUes^ 
S. retiaihtu, Betuln wuwtf, Saxtfrugii oppas^ttfoli^, As;ak(i procumbeni^ 
Ranuna 4 liis hyperboreus, Armeria &T{:ika^ Arabi^i saxi^tilis, Eriopkomm 
scheui^eri, Pofe#ifj 7 /ii BitintMim ahmdes. Polygonum z^kiporum and 

arctic-alpine mosscst c.g, Hypnitm e:icii!tmilittum, H. H. irtfariumj 

H. s^m^ientomm, H, sielhium^ DisticMum capik^reufn, ScoTpidwm scorpioides, 
Tortiila mmlis and Timmia nonegka. It also contained Alpine species, e.g. 
Saxtfrogd aisofjiA, Primuh auHailn and Statk^ muttlitpm, which ranged 
northwardsn^^* 

This flora, some tjpical species of which are reproduced in fig. 211, is 
preserved in tufas but more commonly in the " Dryas clays ” (D^yas^^^a * ^ 
These light grey+ plastic and finely laminated clays were deposited in basins 
in the drift, as they are to-day on the floor of Tome Tr^k (see p. 1074) and 
other Scandinavian lakes within the Arctic Circle, e.g* in Lapland and 
Jamtland and the Dovre of Norway. 

This “glacial” flora was first discovered in 1870 from macroscopic remains 
in Scania by A. G* Kathorst,^^^ whose long sojourns in Spitsbergen enabled 
him the more readily to recognise its distinctive members and led him to 
search for this evidence. The flora grew^ over north and centra] Europe to a 
line running through the Pyrenees, Alps, north Balkans and Russian steppes, 
though in the southern localities only at higher levels. Thus it has been 
found in at least 65 places in Scania and in ver>' many others in Scandi- 
navia^^l ^vith literature^^), Finland,about I^^ningradJ^^ Den- 

mark,^^ Germany^^^ (from Schleswig-Holstein and the Kiel Canal to 
Saxony, Baden and Swabia), Poland and Galicia^^^ and central and southern 
Russia^^ (w ith a cold algal flora). It spread on the cast to the Urals and into 
the midst of the Siberian steppes^^ and to 500 km from the ice-edge on the 
banks of the Inysh near Tobolsk^^®; on the west to the Netherlands,^^* 
Scotland(Edinburgh, CrianJarich, Fife), Engknd^^^ (Huntingdon, 
Holdemess, Bovey lrace>', Isle of Wight, Lea Valley), Isle of Man^^-^ (Bab 
laugh, Kirk Michael) and Ireland *-^5 (Ballybetagh, Co. Dublin; Dunshaughiin 
and Ratoath, Co. Meath; Mapastown, Co* Louth; RaJagfmn, Co. Cavan; 
Ballyconncll Bay, Co. Sligo; Killough, Co. Down); and in the south to many 
Swiss localitiesin cantons Zurich and Luaern. North Italy had ap¬ 
parently no tundra (see pp. 1379, 1385); for not a single arctic-alpine fossil 
plant has been unearthed at the southern foot of the AJps^^'^ though such 
plants have been coUerted from the *AbmxKi. Arctastapftyhs uva-tmi and 
Empeirum nigrum gre^v in south Spain. ^38 

The %egetation of the Oldest and Older Dryas periods of Zone I which 
preceded the AUerod oscillation (see p. 1431) was alpine rather than arctic: 
ericaceous plants were less common and grasses more plentiful than in the 
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Fic. ail.—Some typiMl *p«ies of the Drj'i* ftoft 1, LahtUuna prt>€uabnit\ a. Satu 

P^larii- a, S. AaUflX CItft oetiiptt^ KiA J9<iufaiwtw) 

5, PtAygonum mtl^nnni 6, Bttida fWfFfiT; 7j^^« rtlww; 8, S. e ' 

10 , sJix rrtwu/flw; 11, S. f^TtilUida. C. Schroeier & O, TKhu»i. p. aj. fis- 
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^ctic tundra and ArUmstia, i-Ielianthemum, Hippaphaie and Jtuiwx were 
t>'pical. The poilen associated with the Hambuigian gave the follow'ing 
percentages*^: Saltx 17-51%, Betulo 43-80%, Piims 3-21*%, N.V 148- 
346%, The corresponding figures for Stelimoor were****: Satix 19%, 
Be tula 47*5 Ptnm 32% and NAP (non-arbpreal pollen) 269%. 

In the Younger Dryas period there was a newer rise of NAP and of 
Selaginglld, Htppophai ^nd Artmisia. The trcclinc was 800-900 m lower 
than now corresponding to a depression of the July tenipcrature of 
The pollen of the Ahrensburg layer gave the following SalLx 5-’20%j 
Bftula 50-70%. Pinu$ iS“44% and NAP 66^-171% (see p. 1071). Empetrum 
characterised this period in Holland. 

In east and central Siberia^ under the greater antlcydane then prevailing, 
there existed south of the ice a broad tundra, farther south a forest tundra, 
and in the middle courses of the Lena and Yenisei a taiga zone.^^ In west 
Siberia, there Avas a shrub tundra altematiitg with birch-fir forest tundra 
which east of the Urals passed gradually into a w^armer forest-steppe ^ "^5 
(cf, fig, 293, p-1380). 

Sorex ananeiis^ Mu^lela errnmea^ AE nivalis, Microtm agr^stis^ Saxicola 
oenatttfie, Anikus pratensis^ Cervus corax^ Aegtalitis hiaticula^ Lac^rta riviparn 
and Saimi) tmtta lived in the western strip of Denmarkwhere certain 
forms, e*g. Alorgariltina marganli/era and Cidaria pupillata, survived to the 
present from the last interglacial epoch. 

In North America, outside the Wisconsin jce-shect| lay the prairie flora to 
the west, Ozarkian forests to the south-tve&t, the coast^ plain flora in the 
Mississippi valleyp deciduous forests in the Appalachian and piedmont 
regions of the south-east and coniferous forests in ^e north-casti^"*^ A cold 
climate flora {Pi^ea vtaruma:, P. gktuba^ Tstiga and was widespread in 

Pleistocene New Jersey t while and black spruce, fir. Avhite pine, tamarack 
and paper birch lived not far from the ice^dge in Minnesotarelics of 
these trees, e.g. in Illinois, Ohio and Indiana, Avith their characteristic under^ 
growth, occur far south of the southern border of conifer dominance and 
pollen of Piceii and Abies have been found in Pleistocene deposits in North 
Carolina. Some lowering of altitudinal belts in the mountains is indicated 
which permitted a southerly migration of northern vegetation. Relics of a 
tundra flora are rare^SO (possibly because deposits examined do not go far 
enough back, the tundra was fragmentary^ and transitory or the bog-basins 
retained masses of stagnant ice until the surrounding country was ice-free); 
they have been discovered in New England (mixed with non-tundra species) 
and Maine (with high NM^), in varves in Massachusetts, and in latcglacial 
lake-deposits in Connecticut. Yet podsols, characteristic of tundra con¬ 
ditions, were widespread over northern Michigan^^^- ^ varied flora, re¬ 
sembling that of to-day, lived in the Lake Superior area at the time of the 
Nipbsing Lakes*^^; and the flora in the Prairie Tcirace (see p. 1260). north 
of the Gulf of Mexico, contains trees w hich are limited to-day by the moun¬ 
tains of Ncav England. 154 in harmony with this Asere the incipient soli- 
fluxion, ^55 vvith perigkeial involutions {Brodelb^den), in Illinois (Cary sub- 
stage), Connecticut and NeAv Hampshire; the frost-thaw basins of New 
Jersey and ice-wedges< 5 * of Montana, Illinois and Rhode Island; and the 
blockficlds and fc^il stone-streamsi^i in Pennsylvania and the Driftless 
Area of Wisconsin. These features give near the ice-border a mean annual 
temperature of —yfC^^^the mean July temperature may have been about 
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G energy speaking, howeverp possibly becaust^ the margin of the 
loe-sheet lay 10* of latitude farther south than in Europe, the ^ndm zone 
seems to have been very much narrower in North America than in Europe— 
the modem flora and fauna immigrated astonishingly early (see p, 1412)— 
though mound-relief systems of the Gulf coastal plain have been interpreted 
as palsen.i^ The sub-arctic forest was generally dose to the niargin of the 
ice-sheet so that the abundance of forest tree pollen masks the evidence of the 
tundra, and the plains of the interior allowed a free sweep of winds from the 
south-west* How close to the ice the deciduous forc^ persisted depended, 
as in Europe (see p. loyy)^ upon the diversity of the relief. 

Trees probably grew within 80 miles (r. 130 km) of the ice-edge in eastern 
North America but farther atvay near the coast because of the greater cloud 
and wind there and of the ^‘cold off the New^ Jersey coa$t. The 

narrowness of the zone in gcncnd compared with Europe was connected with 
the more rapid southerly rise of the average summer temperature (Manley, 

195s) (ph XXViB, facing p* 913)- , ^ ^ r . 

The climatic fliECtuations of later (Wisconsin) age revealed by frontal 
moraines (see ch. XL!!), by overridden lake-deposits (see ch. XLTI), by 
Iow»water phases, c.g. the Two Creeks intenial (sec p. 972), by weathered 
drifts (see p. 969}, by pollen profiles {see p- 1175), by fossils in marine 
sediments (see p. i J09) and by pcriglacial features* 

Range of arctic life* The wide distribution of the arctic and alpine 
animals in Europe (see ch. XXXIV), e.g. Elephas primigenius, Tichorkinus 
antiquitaliSf Rarigifpr tarandus^ C^rvus m^gaceroi, OrrAor Guh 

tuscuSf L^pus variabilis, £* arettois, Dicrostonyx t&rquatus^ l^mus kmmus^ 
Al^irmota marmota^ Sitrex vulgarh and Other members of the fan na of the 
“rodent layers*^ (see p, 1036)1 likewise indicates the coldness of this tundra, 
though these animals spread much farther than the arctic flora which alone 
fixed the limit of the arctic cUniaie. They lived on the sites w^here the 
remains are now' founds young and adult ammals are mingled in innumerable 
places and milk teeth of arctic fox, lemmings and other species have been 
discovered. The herbivores among them are the most delicate climatic 
indicators since carnivores possess great adaptive powers, respond slowly to 
change, and do not directly depend upon the vegetation (see p. 903). 

The severitj' is attested too by the southerly range of nurnerous creatures, 
e.g* the polar bear, Urms maritimus^ as In Scania^*®^; arctic ooleoptera in 
Scania and Denmarkthe phyUopod, Apt^s ghidalh^^^ (now^ confined to 
icy pools and lakes near the glaciers of Greenland^ Spitsbergen and Norway) 
in the Isle of Man, Scotland, Denmark and Scama ■ arctic mollusc,as near 
Weimar and in Westphalia and in the region of the Alpine glaciation i arctic 
Pisidium from north Europe in the environs of Gene%'B^*^^; arctic fish in south 
Bosniaand salmon {Salmo trutta) in the Mediterranean region ajtd in 
breccias in central France seals (Phoca hispida and P* grocnlandirti) in the 
Aurignacian rock-shelter of Castanet fV^ezere) and the late-Magdalenian e^e 
of Raymonden and in the drawings of palaeolithic artists In south France ^ ; 
northern birds in lateglacial clays and depositsin Sweden and south France 
(but not in Portugal, south Italy, Corsica or Sardinia, or the southern 
Mediterranean^^^) and in south Russia*"^ (polar Lark, white partridge^ grouse 
and chough, with arctic fox and northern deer); the ptarmigan, Lagopus mutas^ 
in almost all European cavesi^^^ and with the bladk grousct TetraQ in 

numerous cave$ as far south as Italy and Spain i the two grouse of Jersey,^^^ 
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the wild goose, Aru^ palustris, of Salisbury, Lt^opus atbus, with Lagopta 
mutuif the characteristic bird fossils of the European Pleistocene caves,in 
central Europe, Monaco and north Italy, 15'’ farther south than now (arctic 
grouse formed 90% of the large quantity of birds found in Peterfelai*?* and 
nearly 3000 individuals were dug out of one cave near Budapest'^); the 
snowj' owl {Nyctea mvea), with chamois, ibex, arctic hare and glutton, on the 
island of Palmaria m the Gulf of Spc2iai*>J and plentiful in the Dordogne 
(Astre, 1950): the alpine chough {P^hocorax pyrrhocorax) and red-billed 
chough {Pyrrhocdrax grucilm) found in the Crimea and at Gibraltar, Gratte 
de rObservatoire and Gritnddi caves 1*' — at Gibraltar there also occurred 
the great auk and ibex'^^; Aka impennU (which is found in pre-historic 
kitchen-middens and became extinct in 184418^) in the Channel Islands, at 
Gibraltar and in south Italy,’®^ e,g. Romanclli cave in Apulia—upper 
palaeolithic representations of it occur near Santander’* 5 ; and other boreal 
spcdcs^-oti the plains of Italy northern deer replaced the fallow deer, wolf 
the jackal, hare the rabbit, and the small horse, Eguus hydruatinus^ the larger 
horse. 


Hare and red fox, two species typical of temperate Europe to-day, and ibex, 
auk, barnacle goose and the lesser %vhite-frontcd goose from north Europe, 
were abundant in the Grotta Romanelli near Castro in southern Apulia'®*; 
they probably implied a continental climate \dth cold winters. 

hlorth America, compared with Europe, had relatively fewer gaUinaceous 
birds and a higher number of birds which are now extinct.’®'' 

Central European corridor. Great cold characterised the corridor 
between the Seandinadan ice and the smaller glaciations of tlie Alps and 
Carpathians w hich narrowed from e. 300 km in the west to practically nothing 

where the Scandi navian ice pressed against the Carpathians- To the primary 

cooling were added local, secondarj- effects due to the proximity of the ice 
anticyelonic ice-winds, cold waters from melting snows in spring and 
summer, glacier-streams [those of Mount Hood and Mount Shasta in North 
America to-day affect the temperature of their valleys’®®) and drift-ice and 
melt-waters off west Europe. 

Some authorities’®? restrict the cold to the immediate margin: the tundra 
was an '* ice-margm flora ” {Giettchtrfndtafiora), They' advance the follow-ing 
arguments: the rest of the corridor had an oceanic climate and coniferous and 
northern deciduous trees whose pollen is only absent from the Dryas davs 
(see bek%v) ^cause it w-as subsequently destroyed(an explanation quite 
unjustified’?’); the arctic species are not truly arctici ?3 but highly specidised 
plants which civilisation, competition and' climatic change ha\-e driven 
northwards’?^; the large size of the Pleistocene mammalia (see p 
and the abundance of their remains indicate better conditions than in 
Holocene’?*; dwarf birch. ^ in Bovey Tracey, w'as washed down from 
higher ground^; the water- and moor-plants demand a mean June tempera¬ 
ture of 5-6 .C'?*; cu^ent ecological conditions are the key- to the distribution 
of the arctic relics'? 7 ; many alpine plants live also below the treeline and 
Dryas ottspetaia in west Ireland at sea-level; spruce and other trees were 
mcluded in the flora (see p. 1077); many molluscs survived, as in central 
Germany’?®; and the arctic lepidoptera, at the end of the Glacial 
withdrew not into the Alps but into the Arctic.’?? P 

Yet most workers,®?® following Nathorst.®?’ believe that the tundra was 
wide and carpeted the whole corndor (so far as this was not completely 
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barren)* the periglacial zone ha^nng a width 202. computed at 200-300 km and 
during the Wiirm glaciation of zoo-z^o km or even 500 km: the D/yas flora 
of Deuben and Luga in Saxony was at least 70-75 km from the ice-edge, of 
Boma 100 km and of Quakenbusch (Hanover) and Twente (Holland) even 
more, and the lower limit of solifluxion was at sca'leveh^^^ The tundra in 
Riss times in Poland was more than 100 km wide.^^ These winters point 
to the occurrence of forests of Pt\:ea excetsa, Finus syhesins and F. 
towards the close of an interglacial epoch at Cannstadt,^^^ to the widely 
distributed tundra plants and animals (see above)—to-day Dryas octopetala 
extends in Greenland and Spitsbergen to 79' N. Lat. and Betul^ nufia 
requires more than 30 days with a maximum temperature of j to the 

arctic birdse.g. LiigaptiS albus and L. alpiniiS\ and to the permafrost^ with 
its soUduxion and kindred features (see above), which was inimical to tree 
growth. 

Even the plains were above the treeline/*^^ that is, the discontinuous line 
marking the extreme occurrence of individual trees. Pollen of pine and other 
trees is absent from the glacial mc>ors of central Germany ^: the absence of 
forest has been proved for the climatically favoured inner Bohemian Elbe 
basin and for the Rheinpfalz^ll which was c* 475 km from the edge of the 
Scandinavian ice, zio km from the nearest .Alpine glacier and over too km 
from the glaciers of the Vosges and Black Porest. This absence is notwith¬ 
standing the long disUmces to which dying pollen is now being carried by 
the wind ^*2: pollen occurs in the upper air^l^ in the Arctic, over the North 
Atlantic 1000 km from land and over North America (up to 11,000 fit or 
3350 m) ; in the snows (Podorarpus) of the South Orkneys^M ^from South 
j'Vmerica), of Adelie Land and Ross Quadrant 2(bacteria), and on the 
Chatham Islands {Podocurpus and Daaydium), 700 km from Ncav Zea¬ 
land; in the ice of Alpine glaciers^n- jn recent moors in Novaya Zemlva,2l8 
600-800 km from the nearest trees in north Russia; species of Fttea and jPjijwj 
in peats of south-west Greenland2< 5 ^ (carried 960 km from North America); 
in the treeless Faeroes 2^“ (Finus^ Ahiui^ Betuh, Carylus^ Tilia), derived from 
Nonvay (c. 5S5 km), Iceland (c. 430 km) or Scotland (4:20 km), Non-tree- 
pollen (NTP) show' that much of central Europe, including central Bohemia 
at iSo m A.S.L., w^as above the limit of dwarf bush heath221 (Zwergsir^fich- 
heide)^ Even in lateglacial time the timbcriess belt extended in zone 1 from 
Germany to Gotland and south-west Norway, and in zone ill from Denmark 
and Bornholm to central Swede n.222 I'licrc was an absence of tree pollen 
from Schussenried.22^ 

During zones I and IIJ (see p, 1066) there were high Stilix and Hippophi^ 
values, and in Lake Constance area 30-40% of the NAP pollen vi^ 
Artemisia.^^ During zone HI the treeline was 800-900 m bglovv the 
present treeline in the HarZi. and 900-1100 m in the Vosges and west Lake 
Constance area,^* and closed woods existed in the upper Rhine rift-valley, 
in inner Bohemia, in the Pannonic basin and in Lower Au$tria. 2 J^ 

That a forest zone was mJssing Is attested too by the snowline which was 
depressed by about 1200 m at maximum glaciation in the Alps (see p* 632). 
The treeline must also have been depressed since that line is to-day separated 
from the treeline by a considerable interv^al which varies, like the treeline 
it5elf,2^® according to the sum of the local climatic factors and is least where 
the climate is moists e.g. c. 457 m in ^Uaska and Patagonia,^^^ 800-1000 m in 
the Caucasus and Hohe Tatraj^jo 900-1000 m in the Karakoram.^^i and 
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700-SQO m (500-980 no) in the Alps^^^ (cf, map^J of the Swiss trcelioe of 
to-day where, as in the Arctic, deciduous trees form the treelinc in the more 
oceanic climate and conifers in the more continental climate^W). Repre¬ 
sentative figures are 1000—1160 m in Germany^^^ and 1300 m in Switzer¬ 
land in south-west Germany, Prijuj tnottfafia was hmited by 4^00-500 m 
and R extelta by 200 m .237 Lateglacial layers in the moors of west Iran- 
sylvania at 290 m and^ 356 m prove a lowering of the treeline by c, tjOO^ 
1500 m ^the glacial climate of the Hungarian plain wus roughly that of the 
present mountain climate at c. 2000 tn^^S—though Piititt syh'eslrts lived during 
the l^t glaciation in the Pannonie basin and Pieea excelsa in Bulgaria .239 At 
Forli, south of Ravenna, in the Plain of Lombardy, where thin pine forests 
(Ptnus sykestrii, P. montBna) grew at 40 m above sea-level (see p. 1385), it 
was depr^sed even more. Boreal mosses and alpine diatoms have also been 
disco%'ered in the Pl^n of Lombardy.2^ Near Pisa, a subalpine forest of 
June (wi^ Picea Abies and Betula) hsa been found bcIow' present sea-level 
(—23 m), and .diii'ei, Pinia, Picea and Ainus grew in the Pontine Marshes 2 ^l 
in harmony with the occurrence of glaciers in the Apuan Alps and a depres¬ 
sion of the treelinc by more than 900 m. The vegetation zones were lowered 
in the Cevcnnes. 24 - The position of the treeline in Europe at theWurm- 
V\eichsel stage, which w^ determined by the July isotherms, is suggested in 
the text-figure (% 189). in the ocean ic west, it lay in general cast of the 
Rliinc but in the cold area of central Europe was displaced south of the j\Jps 
md farther e^t t1yus-t northwards to Moravia and the Carpathians. 
In Itafy and 1 i^sylv^ia the glacial and lateglacial forest-limit destinded to 

a greater extent than did the glacial snowline. 

According to J. Budel, 2 ^S the 10.5'C July isotherm (= polar treeline) ran 
from the wratern end of the Pyrenees south of the Central Plateau, through 

the Alps and \ Jenna to south of Moravia, to the upper Dnieper and Volga_ 

at the Atlantic coast it was 10® km from the ioe-f^e, in th^^VoJga the hvo 

thf' i ^ wss locss Steppe, Aorth of it loess tundra, 

and along the ice-edgc a Prostschutt-tutidFa.^ West Eurooe ineliiHin? 
France had a forest tundm. Immediately outside the ice-front ^here was no 
’III?! and melt-water streams .247 h Poser and 

l“- 

vaUey at Mannheim 2^9 and of tundra plante at Nan^f 
I^iburg.im.Br.. 250 of cold insects in plactsyi betwee^Gdiciaand Denn^rlT 

and of dwarf birch bdow atjo m m Wurttembenr^jj. *1,,, j 

interch^ge of arctic and alpine plants on the plaint of central Emole^Sl 

(Ger espeadly where the corridor was narror^I’he 

glacial mneed fauna included cold stenothermal fish, e s 5o/i«o 
This theory of a broad Pleistocene tundra, and a SndW 
alpmes was suggested by O. Heer 254 

fossil arctic plants in Scania (see abovc)iis we have alread^ ^ 

p. ,=«,) J. p. Korta. C. p«i„. J. Oncke. 


an occaaioiil localifl, m C^any, a„d b7,h. p,."aS ^*,1,' 
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powers of adaptation and comperitioa) of alpines in the arctic tundras and 
of arctics in ihc Alps^ Pyrenees, Carpathians and German Mittelgebirge. 
The occurrence of Larix d^ddua^ Pitius cembra^ P. cf. m&ntam, Abies alba 
and coJd-lQving mosses suggests a cold, moist climate for Hungary,^*® 

The mingling of these arctics and alpmesp which in the main took place 
from north to south and not vice versa, was doubtless facilitated by the 
glacial streams,including the Urstromtalffr along which Tkymalhs tftymal- 
lus^ Cottus poedhpus and Leuciscus leudscus probably wandered; tlib h 
demonstrated by such streams in Siberia^ Eridsh Columbia and Patagonia 



Fio, aia,—^JnnuiLry uo^enns of Eun™ dunng the lut The oqu«tomL liitutin 

Fruic^ lay &Jotig the kotherm of —4^C. The Adriatk was dry Jand to the position cf the 
^4* isotherm. F. KJutc, Erdk. iflSt, p. ^73, i. 

to-day 2sa ^ parallel in the changes brought about by man by the 

construction of canals. The boreo-alpine pattern of some genera suggests 
multiple glaciatioiL^® 

These distributions and relationships point to har^h conditions^vith 
short false summers and temperatures well below io®C. TTic fall in the 
annual tempemture has been computed at 5^6 ®C for Switzerland and at 
5*5*^^ 8*" or J0-i2"'C for Germany —the glacial molluscs in the Main valley 

resembled those of prsent-^day Leningrad. SoHEuxion features register 
equal falls (9"^^)—the southern limit of the permafrost lay on the mean 

68^.1. II 
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annual isotherm of — 2°C {see p. 563)—as do comparisons with the tempera¬ 
tures in Greenland (io-i2^C) and at Tome Trask 26 S ^^here typical Dry as 
clay Is now accumulating (icki 2'^C)* The temperature in Thuringia has 
been likened to that of the lower Petschora to-day, The mean annua] 
temperature may have been 2 ^ to — or, on the basis of the loess mol- 

lusca, The mean winter temperature in central Europe and the 

east Alpine foreland has been estimated at —12-7^0^^ and the mean annual 
temperature on the Swiss Plain at 3-4^0.^® The January isotherms have 
been reconstructed as in the text-figure (fig, 212): the UrsimmiHler had 



Fig. aij.—July i»th?rfni Chf Europe duniTg tht leu gticisiton. F, Klute Erdk 5 loej 

p, 374, Rr. a, - ■ Sh . 


Jul^ [^estherms 
of tllf 

Ui5t OtacEatiOii 


little water in winter,^* I'hc mean summer temperature272 has been 
estimated at 9 3% 87^ or S“C or as low as fC. 'Fhc July temperature273 
was 4H ^ Of >«^low 10*5-11 o'C and at Staninia {417 m) was io-iz“C 
Rather cold summers in Denmark are suggested bv the slight dcoth of the 
tbaw.layer274 (cf p. ,o6z). The conditions in north Ge4any have been 
compared with those of\atnajokulI to-day.27S The July isotherms of the last 
glaciation have been reconstructed as in the text-figure276 /flg 
summers were short and the winters long and cold277 «Day-varves” fsee 
p. 1155), which record t^he minimum number of days when glacicr-strgima 
were flowing, have also been used for this purpose27«; those at 400 m in the 
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Eulengebirge^ laid down shortly before the maximum of gkclation (Elsier), 
suggest that for about six mouths the mean temperature was more than o*C 
and that the mean armuai temperature was at least 4* or 3®C lower than now. 
Nevertheless it has been said that the summer w^as continental and its 
temperature as high as 15'^C or more^?^ and that the tundra was not arctic 
but subarctic as in modem Iceland, especially in the more oceanic west 
where snow^ covered the ground for almost half the year. In any case, care 
has to be taken in comparing the temperature conditions in present arctic 
latitudes with those which reigned in the more southerly latitudes of Pleisto¬ 
cene Central Europe (see p. 1061}. 

The fossil frost soils of periglacial Europe reveal distinct climatic differ- 
enccs^Si; ice-wedges, which require a temperature of below — io*C for their 
formation^ were apparently more frequent in central and mt Europe, which 
had a continental climate, and especially about the cold pole ” of the corridor 
in central Germany^ where the mean January tcmpcniture was —44'^ or 
— 15and solifluxion and similar soils occurred chiefly in France and 
England which had plenty of snow and not too severe w^inter cold. The 
temperature fell northwards: the leaves of Dry^s octopetsla Avere smaller in 
north Germany than in Staninia,^®^ 

Precipitation too was probably lcss,2SS both In winter and in summer — it 
amounted annually to 300-350 mm hut decreased towards the ice and 
eastwards. This agrees with the following: the present conditions at Torne 
'Prask; the periglacial loess; the flora's xeromorphic naturethe Citellus 
rufescens of north Jutlandand the absence from late-Pleistocene deposits 
in the north Alpine region of Atmis t-tridis (which requires much moisture^^) 
and of frost-susceptible plants Avhich need snoAv protection. 28 ^^ A. Klein 290 
has reconstnicted the precipitation in western Europe during the last glacia¬ 
tion in percentages of the present precipitation (fig. 214). Most rain probably 
fell in spring and autumn.^^^ The continental climate was intensified as the 
ice^sheet grew and gradually extended westAvards into western Europe to 
carr>^ loess conditions westwards too. The presence of steppe has repeatedly 
been emphasised (see p. 5^6)- NeverthclesSj greater precipitation than 
noAv has been suggested for central middle Europe^^ while the greater 
snowfall in the Avest is indicated by the chianophilous plants in the bteglacial 
flora of Ireland and the abundance of Siiiix in jaeren, south-west 

Nonvay (Faegri, 1953). 

■'rhe tundra was more favourable than the modern one because both 
btitude and altitude were loA^er—the insolation therefore Avas liigher, the 
seasonal and daily rhythm of life Avas different-^ and the climate Avas glacial 
rather than arctic,^^^ The zone was also much broader. As in Russia 
to-dayit shaded into and mingled w^ith tlie steppes of the drier places — 
species of the tAvo are found together*^^^ Steppes and tundi^ alike have 
intense winds, dry air, scarce and irregular precipitation and recurring cold 
spellsthe short period of vegetable groAAth in the tundra is due to lack 
of Avarmth, in the steppe to lack of moisture. The present plant distribution 
compels us to believe that a steppe element lived in central Europe during 
the Glacial period. 'I'hus the halophytes Blysmus rufus and Cratfshe 
lived in Galicia.^ 

During the Early Dry as period (Hamburg stage), the tundra period 
propeFt there lived Cuh guh and and during the 

Late Dry as period (Ahrensburg stage). Lynx lyrjx* Denmark at this 
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Stage had Rangi/er laratidus, Gulo and Bison, with a rich v^etation 
of Gfamineae, Cyperaceae, Artemisia and here and there willow and 
birch,^ 

True cave^forms were unable to survive,either here or in the German 
Mittdgebirge, since the temperatures were too low, guano was absent and 
wood with fungi was not swept into the caves from the surface. Hibernation 
was also probably difficult, though reindeer, arctic hare and musk ox no 
doubt stayed the whole time, passing the winters in the protected entries of 
the mountain valleys. The lacustrine fauna, if we may judge from present- 
day Spitsbergen, Bear Island and Franz Josef Land (in which the species of 
Entomostraca are 15, to and 2 respectively), waa also probably poor in 
species*^ These were probably cold-tolerant and either ubiquitous 



eurythermal forms e.g. rhimpods and tardigrads, or stenothermal cold- 
water forms, e.g, Fhnarfa alptna.^ Some were probably dwarfed 'iTie 
glacial melt-waters may have harboured various stenothermal forms and 
eurythermal t^mo^tan sp«ies.J<M Most of the inhabitants of springs 
also survived. 3 ^ The fact that some of the freshwater cruatures lived S 
suggests that the streams and lakes were not completely frozen 206 - of the 
56 species of freshwater fish in Germany 25 are regarded bv A 
mann^^n as members of the glacial fauna. He also tLks n^y fresS; 
molluscs and even some Tertiary' cave invertebrates, e.g. Niphargm, survived 
in the corridor and that purely arctic frishwater invertebrates lived 
the edge of both the Scandinavian and Alpine ice-sheets, together with ot W 
norrt,™ wUch sffll liv. in ccn.„l E„„p,; 4r.l,v Sn^nf *fd 
arctic and alpine freshwater forms margined the broad zone of the mi:,ed 





















GLACIAL TUNDRA ON LAND 


1077 

fauna. Birds with boreo-dpine distribution may have lived in centml 
EuropOj^ as may Dreisseni\i polyntorpha^ t remains of the latter have been 
found in intergiadaJ deposits and in the Memel delta. 

The biological conditions were not e^'eiywhcrc quite uniform: the great 
latitude range makes this certain for European Russia, In the corridor itself 
not only grasses and sedges ("grass-sedge tundra") but genera like Artemisin^ 
Hipp&phae\ lieliar^themum^ Rum^x and Thalictnim, which have central Euro¬ 
pean rather than arctic affinitiK, survived .310 More favourable conditions, 
resembling those of modem Iceland^ existed tow^ards the west (see above), 
with low^ shrubs and plentiful animals, e.g, Allaclaga and 

Marmot a. Steppes, heaths and forests were not successive but neighbouring 
formations, controlled by topographic and edaphJc factors. Nor were 
forests and woods entirely lacking^^^Nthring spoke of a IValdmsekUppt 
and tree pollen have occasionally been found in the loess,^^^ While the dr^^ 
cold of the summer months prevented the growth of trees on the open plains^ 
xeromorphic dwarf hush heaths or meagre forests of the taiga type persisted 
on gravelly hillsides and where no opportunity offered for soUAuxion, as in 
sheltered localities, along stream courses (anklogous with those in north 
Siberia described by Middendorf, PalJas and ntany others), e.g. in the 
sheltered entries and valleys^^^ of the Mittdgebirge, of the Main, Neckar 
and upper Rhine, of Bohemia, Hungary and the Carpathians and the uplands 
of south Poland, where the animals probably spent the winter. Thus while 
the carbunised wheat grains {7nikum rompacium) in a rodent layer in Lower 
Austria may have been carried thither by winds,^^^ the small firs used in the 
fires of loess man in I^ower Austria were probably growing locally. The 
diploids of Bisaitelkt loet^ata in certain German vaUej-s are thought to be 
relics of temperate plants which sundved.^^^ 

Consideration of the relationship between treeline and snowline suggests 
that deciduous forests clothed the slopes of the east and south Carpathians,^^** 
especially those which faced south, though the tvidespread loess proves that 
forest tvas absent from the whole of south Russia except the Crimea {see 
pp. 1031, 1383). Pollen of Ahtes^ Piceo^ Pinus sylvesfris and P. palhsi&no has 
been found in the east Carpathians,^^^ birch in Bohemia and the western 
Carpathians, 3 is and other trees east of the The fossil orthopterous 

fauna of Starunia suggests a country^ of meadow's dotted with bushes. 3^0 

According to F, Firbas^ 32 i ^Qi^h of the Alps there probably survived Betulo 
pubescens and . 8 . pendula since these tree birches occurred in Allerod times. 
Pirtus montona lived in south Germany even in the lowlands and Populus 
trtmiila also probably survived. 

Forest animals, e.g^ Cervus C ak €3 and Bison pmtus, lived on the 

glacial loess.Pine, birch and willow grew in the Eragebirge,^^ oak and 
birch at Krain, 32 >i fir at Borna near Leip2ig^3a5 larch in Silesia and Galicia 
and with cembra-pine at Ludvvlnow near Cracow. 3 ^ Oak trunks are found 
in Swiss moraines at Kaltbmnn near Uznach^^'J' and fir and pine in the thick 
loess of Hundsteig in Krems.^ia There is evidence of forests at Maucr^^S" 
and of grass steppes at Mosbach. 33 ^> The oldest known deposits in the Rhine 
rift-volley contain water and moish plants {Ceratophylium dem£rsum, CL^dmm 
motiscus, Carex ps^udocyperus) and belong to a birch-poor fir period. 331 
Because the Wiirm loess does not ascend the slope of the Black Forest as high 
a$ the Riss loess, it has been suggested that during Wurm time a narrow forest 
belt skirted the slopes. 332 Tertiaiy' insects and other Faunal forms may have 
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survived in favoured Jocalities in central Europe 3^3 though most were driven 
out. 

Although not nil the occurrences mentioned above date from the colder 
phasesj tliey warrant the vievv that some trees found asylum in the *' vegeta¬ 
tion islands*" of many parts of central Europe^ namely^ fir and kindred trees 
in the north and oak in the south-west. In this connexion^ it should be 
remembered that species already established^, whether flora] or faunal, when 
subjected to gradual climatic change persist under conditions that would 
successfully prevent their introduction. 

1 he Very early appearance of fir forests in the upper Rhine plainat the 
clcMse of glaciation also suggests that there were relics west of the AIps, 3>6 and 
the distribution of Hydraen^ dentipe^ as far north as the edge of the ice shows 
that this beetle sun.ived.^^'^ Baihynulla natanSj related to the Australian 
Anaspididae and found in deep wells at Prague and Basle,^^* also persisted^ 
as did many Lepidoptera and Coleoptera^^'® which include steppe relics 
dating from these times. At the wesicm foot of the French .Alps and Jura 
and in the Hungarian plain, Vienna basin and East Carinthia, they display a 
richness in species^ numerous endemic fomts^ and isolated genera and species 
known elsewhere only from central Asia, 

ITic following zones, compressed by the ice-sheets into a narrow space, 
may be t stinguished in the corridor^O: (t, 2) tundra and alpmc meadows 
m the mountains i (3) forests near the mountain foot, in river valleys 
and on sou^ pd west slopes; (4) loess steppe; and (5) tundra and sandur 
bordenng .he ice^sheet. The limits of the^ zones, especially those on the 
are not definitely known, though F. Irirbas has attempted a map of 

The northern limits of the various invertebrate groups, especially the 
Entomostmea, which are said to correspond to the borders of the various ice- 
sheets m Germany and Russia, may he related to the distances from the ice- 
edge, accordmg to the stenothertnic conditions under which the creatures 

ablp tn Itvi^ 341 



this 

Glacial period m moister and w armer south-west.^^ in France, where 
the Ple^toccne sediments show that the periglacial climate was much k-sa 
socre, and rapeciJly south of the Loire and west of the Cevennes which 
w-as open to Atlanbc wflucnces though glacial animals (see p* io6o>, the flora 
and indications of frost and wmd suggest a climate even here like t^t of south 
Alaska and centra Iceland to-day Between the Loire and Garonne there 
existed a subarctic forest and shmb tundra and in the central plateau a forest 
tundra T ree® also lived m the lower Rhine, and on the Riviera coast (then 

«^der by a strip now submerged; sec p. 1269), Mediterranean relics are 
abundant at the foot of the west Alps and of the French Jura Mountains 
Confiimabve are the remains of larch fir and pine in Lorraine and of Wch 
m oenml Franre ^^e and the postglacial immigration of silver birch, fir and 
beech into west Switzerl^d, south Bararia and Swabia from the west (see 
p Fossil leaves show that the beech, the most typical representati^-e 

of the temperate climate of central Europe, was at hoL in central and 
southern France at the close of the prnod, and beech associations, rich in 
characteristic species, form well-developed climaxes in south-west and south- 
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cast Europe^ The beech grew not only in ^ great part of France but in Spain* 
Italy, Swabian AJp^ south Bohemia and eastwards into Bueo^^ina and the 
Balkan Peninsula.^^ 

Birds also withdrew to the south-west (France and Spain) and into the 
south-east to undergo in some instances taxonomic differentiation. When 
they returned they formed either a hybrid zone (speciation incomplete) or an 
overlap (speciation complete), as they did in North iVmerica (see p. 1378). 
Isolation also caused the evolution of a western species of newt (Triiani^ 
eristaius) and an eastern species^ (T. marmoratus) and of separate forms of 
snails and insects at the southern foot of the Alps^^^ ^^id in central Europe.^^^ 

Since the snowline and trcelme rose eashvards, arborescent vegetation 
continued in east and south-east Europe,^^^ e.g. about tlie Caspian and Black 
Sea and in Polandp Galicia and the Balkans. It may have survived in the 
Danube valley, in the Carpathians and in the Eastern and Transylvanian Alps, 
though the fact that the forest development in the Pannonic basin, in contrast 
for e’tample w'ith Serbia,began with a fir-birch phase as in west central 
Europe—other trees were absent^ — suggests that at best only fir and birch 
could have sunfived in these parts Taiga may have occurred here as in 
south France and south Siberia *^^5 pjne was used for fires by palaeolithic 
man in Lower Austria, Scattered colonies of the karst flora, relict from the 
Tertiary^ subsisted with the fir in the north-Avest Balkans.Albania tva$ 
a refuge. 

Freshwater molluscs inhabited Joints, lakes, swamps and rivers in 
central Europe.^^^ This conclusion is sustained by analogy with modem 
high Alpine lakes, migration after the ice-retreat into Scandinavia and the 
Alps, and relics on the central European plains, 35 ? The water fauna and 
flora had a richness compared with the land life. This was noted for the 
lateglacial biota^ of Denmark and Scandinavia where the contemporaneous 
water fauna of the D^yas flora required a vegetative period of at least four 
months and a July temperature of This contrast between a high arctic 
land flora and a temperate shallow' w'ater fauna and flora, also obsers'ed at 
Kiystynopoh Galicia,and in the lateglacial beds of the Lea v'alley^*^ 
(see p, 1001) and of Co, Louth in Ireland, 3*3 has bK:cn satisfactorily ex- 
plained*- 3*4 Shallow lakes in mid-latitudes with a southern aspect and a 
high spring sun are warmer than the air above; this is exemplified by present- 
day Denmark where the difference exceeds 3*C and in Greenland whose 
shallowest ponds and pools have the richest vegetation, 3 ^^ 

The molluscan fauna was probably richer than that yielded by the loess and 
aquatic beds: elements which inhabited mountain heaths, cliffs or forests and 
xerothermic species generally are unrepresented,^*^ Whether the corridor 
had peat moors within it is uncertain: such formations are both denied 3*7 and 
affirmed ^ (especially for western slopes). In any case but little peat can 
have been formed. 

Reviewing the evidence, it would seem that Europe south of the Scandi¬ 
navian ice-sheet* at any rate at the time of the last glaciation, had the following 
climatic distribution^^ {see fig. 189)* South of the ice lay a permafrost- 
tundra zone, gkeio-maritime in the west, with summer temperatures of 
io-i3°C» a January temperature of 0--3“C and rains at all seasons; gkeial in 
central middle Europe, with a January mean temperature below — i4°C and 
east winds in the east and west winds in the west; and glacial continental in 
the east, with precipitation mostly in summer and a July temperature about 


loSo 
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io°C. In the north Ba!k3n$» there was a continental permafrost forest 
region, and in France a maritime forest zone bordered on the north and east 
by a narrow maritime tundra zone without permafrost. The southern 
peninsulas had forests (see p. 1379), though die influence of the Glacial pteriod 
in the Iberian Peninsula is seen in the spreading of Pimts sylvestris to the coast 
of Pnrtugal^^*^ and the break up of the distribution of Rhododmdwn ponti- 
Cryoturbation, however, w>as missing. 

Southern England, Signs of glaciation have from time to time been 
claimed for the region south of the limit usually assigned to the ice in England. 
They include striated surfaces and glaciated b^oulders in Somerset, 
boulders too big to have been carried by streams, 375 glacial gravels, 37 -* and 
even boulder-clay in several localities 37 S (Tiverton, Barnstaple, Watchel and 
Hastings) and beneath stanniferous gravels in Cornwall .376 It is further 
claimed that moving ice rounded the Cornish “tors” 377 , that ice-caps 
crowned the Weald 378 and Chiltcm llill5,37^ produced the “head” and 
fashioned the radial drainage by coombes on several chalk areasand 
that glaciers existed in the Channel Islands. 3 ei 

These and allied phenomena (also imputed to diift-icc 3*3 floods 383 ) 

resulted probably from the rigorous climate induced by the adjacent ice- 
sheet. Erratic-bearing ice drifted up the English Channel (8ee p. 1097) and 
over the Scilly Isles (see p. 77 ^)* arctic plants grew just above present 
sea-level in the sheltered Cotnish valley' of the Tcign at fiovey Tracey ( 3^ 
p. 10&6). The Isle of Wight had a climate comparable with that of f-apknfl 
or north Russia at the present day .364 Deep snows, with the copious precipi¬ 
tation and sharp frosts, no doubt buried the high ground, e,g, the Downs ,383 
formed drifts in the valleys, notched out nlvation hoUows in Dev-on 3»6 (similar 
ones occur in Brittany) and dimpled the hillsides in west Somerset 387 _-a 
nivation hollow at the Slipper Stones, south of Okehampton, may imply a 
local snowline at 55® m .388 Freezing, thawing and softening of the under- 
lying clays, to a depth of 30-60 m, caused mass-mov-ements, 36 e in ibe 
Weald Clay, in Chalk, in Berkshire, and in Northamptonshire and Yorkshire 
(Barnsley) similar to those which are known from central Eurone 390 ^ « 
Bohemia. ’ 


Profit and melting snows caused the soils to creep ov-cr the barren and frozen 
slopes, e.g. the "head” and coombe-rock (sec below) and the rubble of the 
Cotswolds Hills .391 'rhey created fans of tjaeh graU in embav-inenls in 
the escarpment north of these hills which merge into stratified fan-deltas 
and terraces on the lower ground .392 They initiated floods at lower levels 
and distributed torrent-bedded sands and gravels as about Canterbury. 3^3 
Britain's mean annual temperature may have been about o“C 394 and^ the 
winter temperature in southern England c. ii*C lower than now .395 
The irountry- was a tun<^ and many species, now of restricted range, were 
then widespread: their distnbution was contracted and broken up post- 
glacidly as the result of the growth of dense forests and of peat moors above 
the forests and *e disappearance of suitable soils .396 Some of the species 
even became extina, e.g. Betula nana and Naim marina, H. Godwin ftoctl 
has recently given a list of the plants now known from the pleniglacial 
lateglacial times in Britain. 


T^, head and coombe rock. Solifluxion has been well studied in 
southern England where it constitutes the “trail” “head" and coombe- 
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rock—earlier nameswere " rubble drift"', '"angiilar detritusand ""erratic 
warp"". A hi^turicd retrospect has recently been published.The trail of 
O, Fisher,an irregular superficial stony loam of local material, up to 
5 ft (i'5 m) tliiok, has an uneven base, often festooned and contorted, and 
pebbles which have been turned vertically by repeated freezing and thawhng. 
It is verj' extensive and not uncommonly in the Thames basin merges into the 
Flood Plain Terrace (see p. looo). 

The head, which H. B. Dc la Beche'^ early described^ is an accumulation of 
local rocks ^ sharp and angulaft which is coarse close to the hills but farther 
away becomes smaller and mixed with fine material. It spreads irregularly 
over low ground, sheeting the sides and floors of valleys,'*^^ as in Pembroke 
and Cornwall, the Channel Islands and Scilly Tales, (at Sangatte and in 
Brittany), and in the West Midlands and those parts of west Yorkshire, c.g. 
lower Wharfcdale and lower Airedale, which w^ere ice-free during the later 
stages. Its subaerial origin under cold, solifluxion eoitditions w^as early 
recognisedand is proved by the angularit)^ of its constituents and by dis¬ 
tortions in the underl>ing strata,'*®^ Its glacial age is demonstrated by its 
passage on to the infraglacial raised-beaeh platform and accompanying blown 
sand, and by its association with loess,™ with cold mammidia,™ 
mammoth, woolly rhinoceros and reindeer, and with an arctic flora as at 
Ballybctagh Bog, Co. Dublin,^ and at Bovey Tracey.l*he angular 
debris of the cave-earth and bone-fissures may be its equivalent. Tlead 
probably originated during each major increase in the glacial cold—two 
horizons are knowit from Cnmw^al I—though the state of cementa^onj con¬ 
trolled by the local drainage and the composition of the materials, may not 
be an accurate guide as to its age.™ Nevertheless, it forms a valuable clue 
to the elucidation of English Pleistocene chronology: dissected “heads" are 
largely restricted to the south of England while the ne%ver head occurs much 
farther north and overlies and frequently incorporates deposits of earlier 
jcc-shccts. 

The coombe-rock ™ a term G. A. Mantell^^o first introduced geologically^ 
is a structureless mass of unrolled and unvvcatlicrcd flints^ embedded in a 
matrix of chalky paste and disintegrated chalk. Its narrow tongues run into 
the valleys or “coombes” of Sussex and often pass into briekearth. With a 
thickness of 50 ft (15 m) or, as near Brighton, of So ft (r. 25 m), it lies at 
various heights in positions unrelated to any present river-system. It 
mantles the major outcrop of the chalk north-west of London, e,g. near 
Aylesbury, and spreads widely over the North Dovtos and through Kent and 
Sussex, as beneath Chichester and Selsey where it forms clean brickearths^ 
and originally extended beyond the coast near Brighton and Worthing, 

The coombe-rock (erroneously credited to pluvial, marine or subterranean 
erosion-^1^) is the solLfluxion facies of chalk areas its structure is frequently 
contorted and its flints are often vertical It was formed by sheet-flowing 
or sludge-creep, not only in the coombes but over the whole of the dip $lopcS;» 
aided by wind when the ground w'as frozen and unprotected by vegetation. 
The ground becomes impenetrable to-day during hard frosts^^^ and is 
upheaved by c. j'S cm, the frost penetrating e. 30 The associated 

land-shells and mammalSt c.g. mammoth, woolly rhinoceros, reindeer and 
musk OTt* show- that the climate w^as cold. Its age is fixed^^^ by the raised 
beach upion which It Hes, as at Brighton and Sangatte, and by the river- 
terraces, In the Thames valleyt"*^*® contains mammoth and woolly 
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rhinoceroSj. rests upon the Northfleet Mousterian flour^ ajid near Grab's has 
the gravels of the Flood Plain Terrace banked against it. It overlies or 
cnibodies Mousterian (Levallois I-II) implements,-^at Baker's Hole and 
Sangatte, together with derived Abbevillean or Acheulian and remains of the 
fauTie diwde. 

I'he coarse stanniferous gravels of Cornwall,-*vvhieh enclose stones of 
torrential nature, are synchronous with the head and of similar origin. 
\^ate^s from melting snows eroded the valleys so that smaH tributaries hang 
as above the Dart.'*^^ Frost liberated the tin-ore at higher levels; iron 
pyrites and soluble copper ore& point to the absence of chemical w'eathering.-*^^ 

Clay-with-flints. ^l*he clay-i.vith-flinta of W. Whitaker "*^1 is a compre¬ 
hensive but ill-defined categoij of miscellaneous materials in which the 
pro^rtions of clay, sand and flint vaiy^ greatly, “ Foreigners” as a rule are 
lacking and the bedding is obscure. Bounded below by an uneven surfece, 
it changes rapidly in thickness, frequently Ailing basin-like hollows and 
fiinnel-shaped "pipes" of considerable depth. It covers much of the 
jnterstream tracts in south England from Sussex to Hertford and Devon, and 
spreads over the Oo-wtis of north Xent and the Isle of Wight, its boundaries 
being indefinite on both Chalk and Tertiary outcrops. 

In age and origin, the deposit is probably^ compositemore than one 
process having acted on many kinds of strata. It represents the insoluble 
residue of the Chalk, reinforced with Tertiary^ waste which added quarts 
pebbles and rounded flints^ On the {lao m) platform it may he 

Pliocene—it passi^ under the till in the London Dijitrict north of the Thames 
—but IS no doubt younger on the lower ridges. Floods from melting snows 
and solifluxion distributed and redistributed it during thc^ Glacial period- in 
many places, as in Kent, it encloses palaeoliths.^-^ 



, - , j IT . -sprt^ads across plateaux 

and waten^hed5,^-fi as around London {Nonvocxl, Esher. Crvstal I'alace 
Baphot Heath), on the North Dowms, in New Forest and ^hc Sk of Wight 
and about Marlborough and Oxford. I^ss dean and rounded than river- 
gravels and more decaldfi^ and eurrent-bedded, tlie gravds consist of 
pebbles of c^lk, flint and Tertian- material, e.g, quartz and gmv-wethera. 
with Wr Greensand chert. Bunter quartzite and igneous rocks. In the 
Oxford dirtnet the constituents are chert from Yorkshire and Lincolnshire. 
Hertfordshire puddmgstonc, black flint from the Chiltem Hills Carboni¬ 
ferous cnnojdal limestone toutmalinised slate, elvan and rhvolite from 
Cornwall and Devon and akente from Norway. 

Fomerly regarded ^ marine,«7 gravels are now considered to be 
fluviable relics of old floom or alluvial plains.^23 Their age is somewhat 
uncertain; for altitude is a doubtful criterion and the difficulty of distineuish 
ing plateau gravels from terrace gra.^els or Tertiary deposits is a oommoj place 
,n Engl^h geological literature rhat their antiquity is considerable i, 
proved by their condition and their independence of the present drainaw 
though they are related to the vaUeys in the Salisbury and Avon districts and 
descend towards the Thames vidlev-, thus indicating that the main drainage 
already existed.^’ 1 hey probably represent several stages of denudation It 
present undifferentiated, some Phoeene. some Pleistocene (they contain 
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pakcoiiths"^^) when they were modified'^^^ by floods from melting snows, 
by creep and rainwash* and by soliAuxion which arranged the pebbles 
vertically and contorted the upper layers and even those of the subjacent 
clays, such as the Wealden Clays of the Isle of Wight. On the northern 
edge of their distribution, they may contain ontwash material, as in Hertford¬ 
shire,or pebbles that have retained their ice-scratches, as near Oxford and 
in Cambridgeshire.'^^^ 

Solifluxion, under one or other designation^ was therefore widespread in 
southern England. It rounded the outlines,-*^ contorted the surface-layers 
(sec above), curled up hibemating lemmings,depcisited materials re¬ 
sembling boulder-clayin Kent and Sussex, and, helped by frost-upheaval 
and gravitation settling, transported boulders like those now radially dispersed 
about the Cornish Crags."*^^ With melt-waters, it produced the vast spreads 
of local, often angular detritus which skirts the foot of the Cots wold Hills and 
Malvem I lilis and grades into the Main Terrace of the Severn (see p. 1005). 
Like the gravels on the south coast they imply swifter streams than those of 
the present day. 

Solifluxion features, just mentioned, circumboteal species in the present 
flora of Normandy'*^^ and mountain species in south Europe and northern 
England and the Scottish Highlands suggest a cold climate for nortli 
France.'^*^ Slope deposits, blockhelds, asymmetrical valleys and other 
periglacial effects are confirmative.'*^* 

Date of tundra. The date of the glacial tundra has been much debated. 
Each glaciation presumably had a faunal and floral migrationand a peri- 
glacial tundra,though the nature and width of the tundra doubtless varied 
from glaciation to glaciation — the earlier tundra periods in Europe had North 
American species'*** and while they had Beiula ttam and a few mosses they 
generally lacked cold plants including Diyns o€topetiiia.^^ The earlier 
glaciations had very little effect upon the mammalia which only assumed their 
arctic aspect during the last or last two glaciations (see p. 913) as evinced by 
their range in Europe (see p. 1031) — earlier glaciations inay have induced 
changes which only later came to fullest fruition.*^® The tundras may 
therefore with more likelihood be referred to the last two glaciations**^ which 
had virtually the same fauna, though each had its peculiar types: the two 
reindeer horizons in Castillo have been assigned to thcni.**^ The arctic 
flora at Deuben and Przcmysl {200-2ZO m) and at Oeynhausen has been put 
in the penultimate glaciation**^, as have the wind worn pebbles {Windkeien} 
of various parts of the Netherlands'*^; and the polygonal ground at Nieder- 
lausitz is referred to the Warthe glaciation Soli flux ion features belonging 
to two glaciations have been described from Westphaliaand Magdeburg,^^^ 
and frost-wedges from DtUingen on the Danube have been given the same 
agesSimilar wedges belonged to the Saale glaciation near Leipzig^* 5 ^ as 
did the Brodelboden in Upper Silcsia.'*^^ Nevertheless, Gunz ice-vi-edgc$ 
have been claimed for the Low^er Rhineand lower Pleistocene cryoturbation 
from France and the I^sv Countries (see p. 937); central Bohemia %vas in the 
periglacial zone during each of the older glaciations,”*^® 

The advance of the northern oreophytes in the Pyrenees, Sierra Nevada$ 
and Great Atlas took place during the Riss and Wurm glaciations."*^9 Xhe 
tundra in Holland belonged to the last glaciation: the earlier periods, it is 
saidj had forests about them,"*^ The floral and faunal exchange attributed 
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to the last glaciation, has by some been referred to the penultimate glacia¬ 
tion^*^ : the corridor was tiicn narrower and the cdniate severer (cf. p. 1031) 
and the maximum crj^oturbation occurred then in the Paris 

Ik all this as it maVi the tundra period par excellence was the last glacia¬ 
tion.-*^^ including its later phases, when Europe had its longest and severest 
cold (see p. 1031) and the tundra its greatest width. Its lateness is demon¬ 
strated in various ways: the arctic layers are related to the valley floors and 
low' river-terraces, as in the 'Fhames and Cam (see pp. toot, 1004), and 
contain remains of mammoth, as at Boma,'*** and of mammoth, w™lly 
rhinoceros and musk ox near Kattowitz in Upper the "trail"* 

fauna is cold-*^i the Dryas clays inicrdigitate with ground-moraine near 
Lubeck and on the Kiel Carial'*^'^ and with Yoldia Clays near the boundary 
of the lateglacial sea.^ In the Alpine region,'**^ alpine-arctic species, e.g* 
nattii, Satix kerba^ea^ 5 . myrtilloid^^^ S. pokiris^ 5 . rettatluta, Dryas 
Qctapeiatii^ occur in a few localities, ail bteglacial in age though Betula nanu 
and certain arctic mosses are known from earlier Pleistocene horizons. The 
kostatic uplift had reached an advanced stage, amounting to tvvo-thirds of the 
total, in Estonia and Gotland while Dryas still tarried there; and sotifluxion 
and other cryoturbate features are mostly of this date^^*—Quiring,'*^^ by 
relating them to the Main Terrace of the Rhine and Younger Loess, obtained 
an Elster age—being generally absent from this latest drift.^^^ Holland, 
the tundra period has been subdivided into two, Wurm 1 and or into 
three stages (Florschutz, 1953). A fossil solifluxion head recently reported 
from coastal Portugal is later than the Tyrrhenian shore-line (Guilcher, 
1949). The ho(hgla:;ial has been designated full-glacial (Godwin, 1953) or 
pleniglacial (Hammen, 1951)- 

During the lategladal phase in Europe, the growth of moor and of limnic 
sediments was extremely 5canty^74; ^t higher levels, growth was prevented 
by cold, at lower levels by dryness. The absence of woods is proved by the 
high NAP values {see p. 1444) which may be as high as 666% or even 
4100%*^^^ The pleniglacial landscape was a treeless tundra, the lateglacial 
one treeless or a lightly wooded park-tundra; in Great Britain, open habitats 
and fresh soils abounded and had a herbaceous flora rich in species of the 
categories of ruderals and weeds and aquatic and marsh plants. 

In North America arctic conditions, it has been suggested^ perskted about 
the ice into late stages: low intersecting ridges, 1-3 m wide and 23--150 m 
long, accompanied by involutions, wedge structures and polygonal ground, 
form a fracture pattern on the flat muds of Lake Agassiz of late-Wisconsiri 
age 


(c) The Origin oj Arctic Life 

Centres of evolution. The question of the origin and evolution of the 
argtic fauna has been attacked by some aocgeographcra; but a comprehensive 
treatment from a modem viewpoint has only rKcntly been attempted 

It has usually been assumed with E. Forbes, C. Dar\vin and J. D Hooker 
that the arctic fauna and flora of Eurasia and North America lived in circum¬ 
polar lands and were compelled by the glacial cold and Ice-sheets to seek as 
^igr^ a home in more southerly latitudes.'^’S ThU assumption, frequentlv 
made for example for the mammoth, woolly rhinoeeros, musk ox, arctic hare 
and the "Siberian fauna" generally, and for their invertebrates, eg the 
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TurbcUaria,^^^ fleasand birds^^^ postulates a poLar climate preglacially.'*^^ 
It h (Somewhat justified by die tempo of evolution, the widespread distri¬ 
bution of arctic life, which may have originated la Pliocene time, and by the 
differentiation of the alpine and arctic life, the latter taxonomically most 
heterogeneous and including in all its faunal classes general bed or primitive 
groups alongside specialised ones. 

The sole divergence of view concerns the actual centre of differentiation. 
While some, supporting themselves on Petermann's hypothesis of an arctic 
polar continent, accepted the north as the original home of arctic 
otliers thought this life originated as a mountain biota in the Altainorth 
Asia ^^5 (arctic birds, for example, evolved in eastern Siberia and about 
Bering Sea'*^*) or the Alps,**^^ or as an arctic biota in Scandinavia,^® Green¬ 
land'*^ or Nortli America(including the Bering Sea region)^ or in multiple 
regions of parallel evolution and exchange—the reindeer, for instance* 
originated in Europe,-*^^ Asia^^^ North America."^^ Certain forms, such 
as Arenmiii dliata^ Pntnula and Pqg Jiexjiosa which were apparently 

indigenous in the mountains of central Europe, spread northwards into bored 
regions and became differentiated into subspecies.'^^^ 

The Antarctic witnessed parallel eventsits life evolved possibly from 
W, Gothan’s " Antarcto-Tertiary Flora*" (sec p. 695). 

It is likewise stated that the alpine flora, including Edelweiss {Leanto- 
podium alpmum) and first distinguished by K. Gesner in 1555^ inhabited the 
Eurasian mountains in Tertiarj' as Engler's “ Arcto-Tertiary flora 

It had evolved from the plain flora during the middle of the era in the 
temperate latitudes of the northern hemisphere where it is no’iv represented 
in the floras of south Japan, ceotrd China and south-east U.S.A, and gave 
off, possibly as pol)trope forms in several separate regions (such as the AIps^ 
PjTenees, Carpathians and i\sian mountains), a disjunct mountain flora, the 
oreophytes of Diels.^^ Its preglacial origin has been frequently asserted 
for tJie AJps^oo and adjacent territories (Corsica, the south Balkans and the 
Sierra Nev-adas have alpine apccies without a single arctic plant^^) while, as 
just obsen^ed, others regard the fauna and flora of northern Asia or southern 
Asia a$ ancestral to the alpine biota.The recent mountain Coleopteran 
fauna, e.g. of the Carpathians, is also in its essential features of preglacial 
xvas completely exterminated in northern Europe, was decimated 
in central Europe, e.g. in the Variscan horsts^ and sunuved only in south 
Europe in approximately its original condition. 

On the other hand, it 1$ argued that polar regions are the graves of life 
which steadily ebbs polewards and are unsuited as creative hearths.^*^ Their 
inhabitants, e.g, reindeer and glutton, are modified descendants of southern 
ancestors which have sought the colder dimate not from preference but 
because they have been driven into it by stronger forms—the butterflies 
of the Arctic represent types that elsewhere characterise rough and for¬ 
bidding country, waste lands, or more or less arid regions.-^ Structure and 
habits have been adapted to the rigorous climate.Some subpolar species, 
for instance^ exhibit closer relationships to their congeners occupying adjacent 
territory in temperate lands than to corresponding polar forms dwelling else¬ 
where in the Arctic. The early Pleistocene microtine fauna may have 
spread in Europe from the southA^ 

The birthplace of any floral element may be sought on systematic grounds 
or by examining modem distributions. These methods are aiwa>'s difficult 
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to apply and in this particubur case are uiiii$Lially so. The origin of the 
arctic life is shrouded m darkness. Nothing is kno^™ of the late-Tertia^" 
flora of the Alps or Carpathians or of a tundra flora and fauna in prgglacial 
Asia.^^^ The history of the majority of arctic animals is also unknown. 

The bipolarity of land plants and animals that is the occurTenoc of 
Identical specits in boreal and austral zones that are absent from tropical 
latitudes, has been variously e?cplained: by independent creation or inde¬ 
pendent evolution,^^^ e.g. by descent from tropical forms originally cos¬ 
mopolitan and distributed through all iatitudes^l^; by migration from the 
uopics^^^; by transequatorial migratiorip^^'^ on the monoboreal hypothesis, 
from the Antarctic^*^ or from the Arctic across Africa (from peak to peak^^^ 
or by continuous migration over plains at the mountain fout^^“), or tltrough 
the Malayan-Papuan- 2 ^ region, along the Andes in preglacialor Quatcr- 
narj' times»*^^ or along the Dolphin Rise in early Pleistocene times. 

The connexions in austral regions, e,g. between South America and 
Australasia p may have been made by one or more of these transequatorial 
routes associated with a transantarctic migration ^25 by accidental dispersal;^ 
by migration over iand-bridgeSp or by continental displacement. 

Tertiary polar climates. I'he problem is closely bound up with that 
of the Tertiary climates in high latitudes. ^Vhile a Tertiary donation of 
climate has been deniedit is certain that climatic zones existed during that 
era but were broader and less sharply diflerentiated: the mountains also had 
altitudinal zones with distinctive life hclts. Throughout geological time, the 
world's elimatCp to judge from both geological and palaeontological evidence, 
has generally been genial and mild {akyr£}g^mc\ pHotherm) with ungenial and 
glacial (kyri^erii^x mioiherm) interludes- the latter have probably occupied 
less than one per cenc of geological time^^T (upper Pre-Cambrian, lower 
Cambrian and Permo-Carboniferous) and recurred perhaps with a periodicity 
of about 250 million years{due possibly to a corresponding periodicity 
in the fluctuations of solar radiation). I'he world's temperature, except 
probably in the tropics, was higher and its climatic zoning much feebler. 
Accordingly, the normal climate of the planet has been unlike the present 
which is most certainly abnormalif not geo-catastrophlc, 53 o 

The present physical, geochemical and geological processes (partly because 
of man's activities) differ in some degree and in intensity from tliosc of most 
of geological time; the continents and mountain ranges are more elevated and 
extensive; the energy' of rivers, both above and below ground, Ls unusually 
high; readily eroded drifts swathe widespread areas; and the present ice- 
masses, a legacy of the Glacial period, sharpen the climatic contrasts. The 
present does not reflect the climatic periods of the past any more than it does 
the epeirogenetic or orogenetie periods(sec ch. XXIX), I hc rapid fall 
of temperature through the latitudes causes numerous changes^-^- namely, 
east winds to blow^ in arctic regions instead of the west winds of the norm^ 
geological past, a decrease of storminess in higher latitude, the formation 
of the Aleutian and Icelandic "low-s” and of the polar fronts and storminess 
in middle latitudes in place of steady southerly w inds. It sharply limits the 
subtropical high-pressure belts on the poleward sides and enhances the sub¬ 
tropic^ high pressure belts and the equatorial troughs of low pressure. It 
also cook the great body of sea-water 553 and especially the seas off the 
weatern coasts of the continents by the uprise of the cold bottom waters.si 4 
During the Tertiary, higher latitudes had an equable climate, with smaller 
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temperature oscillations and warmer winters i the>^ wiirt devoid of ic&-caps 
(cf. p. 596) or frozen seas (see below) and in Alaska at least of frozen groand*^^^ 
^ the great depth of the weatlicrcd zone, including auriferous gravels, 
indicates. Glaciers may, however^ ha%^e existed prcglacially on the highest 
mountains of the Arctic, including Alaska. The evolution of the forest or 
taiga birds in north-east Siberia and Alaska, as well as the palaeobotanical 
evidence, suggest a temperate climate both in north-east Asia throughout the 
Tertiary era(in accordance with the taiga itself w^hich evolved in Tertiary 
time^^'^ in a warm climate) and in south and east Siberia and a Bering centre 
which included north-west North America—the taiga birds, which in east 
Siberia include endemic formsi, diminish westw^ards from here into Europe 
vyhere they were preglacial. 'I'his refrigeration may have caused the evolu¬ 
tion of the herbaceous flowering plants from arborescent ancestors,the 
former being better protected from the cold by their short life-cycle and the 
greater eac^e with w'hich they find protection under the snowL 
The fossil floras of the Arctic betray no sign of dwarfing in leaves or stems. 
The plants as a whole were of the temperate type^ though it is possible that 
those from Tertiary^ Greenland and other arctic islands belonged to the foot¬ 
hills and plains, and that the alpine flora of the high ground has not come 
down to us.Iceland's flora before the Ice Age was almost of the same type 
as that of warm, temperate areas to-day.^ Birches in Grinnell Land Md 
Spitsbergen were far taller and bore much larger leaves than those of their 
stunted successors in more southern arctic countries to-day. S 4 J The fossils 
in tlie Nome gravels of /\]aska denote a climatic shift compared with the 
present of 1200 miles (c* 1900 km).^^ Elm grew in preglacial Siberia^^ 
w hen during the Pliocene^ Brasehm purpurea lived in the basin of the Ob^ 
and conifers (PfViwr monticoh and watto&owk^i) grew in the Omoloi 

River and Jugtiius cinerea fossilb and Pkea %Dotiosouuc:^i in the Alden River. 

In the Viilafranchian of Shansi, Shensi and Kansu red concretionar}^ clays 
developed on the slopes and Lamprotula sw^armed in the rivers.^ Beech, 
hornbeam, walnut and holly occurred in the oldest Pleistocene of North 
Siberia^'*^ (Tobolsk) — the date may be considerably earlier^* — and other 
temperate forms, including North j^erican plants, inhabited eastern 
Siberia.^'*^ The plants under the fossil ice of Siberia (see p, 6+9) arc closely 
related to those in present-day California and Japan.^^e The exchange of 
plants between Asia and North America and the spread of the horse and 
pmel-llama from North America to Asia about the rUo-Plcistocene transition 
indicate a warm and possiblv drier climate about the Bering Sea at that 
timeA5i 

Siberia's Pliocene freshwater fauna included numerous unios and fish 
genera now^ absent from that region'rhe few relics of its preglacial life 
include no arctic species. On the contrary', a flipparion fauna lived in south¬ 
west Siberi3,553 and the remains of w^arm mami^s^ e.g. Diceros merckii and 
Efasmoihmum stberitum, have been found in river-terraces in the Lena and 
Yenisci.^^ Even at the end of the Pliocene the climate of the plains of 
Russia and west Siberia w^as w-armer and more humid than that of modern 
times.^^^ The arctic lifc^ therefore, w'hich is younger than the arcto- 
Tertiary flora, is at earliest Pliocene; the tundra may be Quatemary.SM 

Glacial conditions in the Antarctic appear to have been the exception and 
not the rulers?; no clear indication of a former Icc Age is apparent in any 
formation so far examined. In Mesozoic and early Tertiary^ times temperate 
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floras at least grew In the Antarctic, and aome of the southern genera of coni¬ 
fers may even have originated on a trana-antarctlc bridge between South 
America and I ndo-Australasia 

Influence of Glacial period. The Chinese-American clement (ace 
p. 691) ivaa probably derived from a circumpolar source and driven south' 
wards by the ever-increasing cold of the Pliocene. ’I'he alpincs aUo evolved 
in late-Tertiary time, as is generally thought (J, Briquet, R. Chodat, H. Christ, 
O. Hccr, M. C. Jerosch, F, Kemcr, A. Pokomy, A, Schulz, C. H. Vogler) in 
the Alps or independently in other mountains, 5 *® including the Altai, ^tenta¬ 
tively as a plain flora in arctic regions.^**® 

Many groups, including the insects and molluscs, persisted almost un¬ 
modified throughout the I'Jeistocene.^^ Marine forms in particular naturally 
suffered little extinction; in the Coralline Crag of East Anglia 38-40% of the 
forms are extinct,in the Calabrian 11 and in the basal Pleistocene of 
Java 20%.^^ Yet the Ice Age, with its cbmatic stress and vicissitudes and 
varying physiographic and edaphic conditions. Intensified the severity of 
selection and furthered advances in organisation—exposure to very low 
temi^rauires enhanced the mutability of forms.S^i By its alternate con¬ 
traction and expansion of occupation areas, mutation and re-oouibi nation 
processes were given the run of natural experimental fields on an enormous 
scale.^M' The Ice Age introduced biological changes in the annual life-cycle 
and caused the loss of bisexual reproduction In some forms; affected pro¬ 
foundly the habitat, nutrition, reproduction, mode of life and morphology of 
certain groups ^67 j evolved several arctic and alpine species, 5 *® including many 
herbaceous types, especially those with well-marked methods of perennation; 
changed the role of the alpine flora in the mountains of central Europe from 
a subordinate to a dominant oneproduced local genera, species, varieties 
and races,®^® e.g. of Daphnia and BofittittOf for under migration there has 
been selection and extinction; encouraged the survival of tetraploids and 
promoted the formation of tctraploid species S 71 (which are able to occupy 
more rigorous and exacting habitats) and of fertile hybrids where (as Is 
lUusirated by plants, molluscs, beetles, fish and birds) species were isolated 
during glacial time and in expanding postglaciaUy have overlapped their 
regions, e.g» the tetraplold species of Ptieotiig In the Mediterranean and 
Caucasus where migration led to isolation .S 72 Similar hybridisation probably 
resulted fipm previous glaciations (see p. 906) and occurred in North 
A^enca ,573 e.g ,n south-eastern United States and in the Mackenzie district 
of Canada, peat preponderance of polyploids in glaciated regions is 

probably chiefly the result of hybridisation and chromosome doubling of 
species which came together after long periods of isolation in glacial refuria, 
and the selection of favourable gene combinations amone the newlv Mtib- 
lished polyploids. The I« ^ also directly stimulated the evoliition S^he 
present stenothermal species^* and the arctic and alpine flora and fauna,575 
including the glutton (see p. S06), musk ox ,576 and arctic fox 577 wHich then 
developed their morphological characters and climatic adaptation to cold 
conditions. The reindeer may also have descended from an early Pleistocene 
temperate fo™ 57 «--ite a^ptalion has been placed in the last glaciationi™- 
though W. S«rgel 580 thought its adaptation, like that of the muskox 
glutton, arctic hare and other arctic forms, to a cold climate was complete bv 
the early Pleistocene. The ranty or absence of cold mammalia in early 
Pleistocene is explained by the fewness of caves or of loess horizons of that 
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age. Yet reindeer ciccurred at Susscnborn, Mosbacli and Frankenhauscn 
(= pre-MIndel), musk ox in Swabia (= Mindel), glutton at Mo^bach, 
Cromer and Puspokfurdd (= pre-Mindel), The lemmings like the reindeer 
may have become acclimatised to the glacial vegetation,though the strong 
specialisation of the skeleton and certain related Pliocene forms may point to 
ite specific isolation at an earlier dates^®^ The ancestors of the lemmings 
lived at Oberpfals in lower Pleistocene time with animals of a mild climate 
and even L^mmus and Microtus, to judge from pre-Plcistocene remainSp may 
have been temperate animals.^*^ Numerous freshwater pulmonates in 
North America may have evolved during the Pleistocenej^*"* and Fianana 
iitpina may have been modified Into a cold species ^85 though A, Thiencmann 
regarded it as a preglacial form. E. Hulten^Sfi has suggested that the hardiest 
of the boreal plants developed into the arctic species north of the ice-sheets 
and that the boreal plants south of the ice evolved into the arctic-montane 
plants. The freshwraler plaivktonp in Europe at least, may also be connected 
with the Ice Agc .^87 

The glacial cold and white sno^v may have been responsible for the white 
coloration of polar animals and birds,^®®^ Cngi ptarmiganp snow'v^ owh snow 
bunting, arctic fox, arctic hare, polar bear, whhc walrus, lemming, stoat and 
erminej partly as a means of heat conservation or as a concealing colomtion— 
ptarmigan, for instance, keep to snowy patches in spring until their white 
^vinter plumage is 

This inheritance by the Glacial period of a fauna and flora undifferentiated 
into arctic and alpine elements that evolved in its rigorous climate may 
perhaps be justified by the evidence just outlined, as well as by the fact chat, 
contrary to earlier opinion, certain members of the arctic fauna, such as the 
mammoth, woolly rhinoceros and cave bear, evoh ed from warmer species on 
the plains of central Europe {see ch, XXXIV), north Siberia^s^^ or eastern 

Asia.The late appearance of the arede element in the glacial succession 
P- ®tS) is confirmation. The whole assemblage of species now 
living on the northern condnents (and in the northern oceans) may be of 
Pleistocene origin, for cold-water stcnothcimal plants and animals can only 
have arisen under a climate at least as glacial as that of to-dayA^^ If evolu¬ 
tion k in any respect due to changes in the condidons of life, then during the 
Glacial period, if ever^ great alterations should have taken place^ The mam- 
rr^ia of Europe have in fact all changed their spedfie characters since the 
Villafranchian.^SM Man's evolution and dominance were facilitated by 
climatic change (cf. p. S64). 

2i On Sea 

(fl) ChiUing of the Sea 

The effect of the lee Age upon marine life was little less than that on land 
life. Warm forms lived during the early Tertiary in the North Altontic 
and North Pacific. In late-Tcrdary time, the Arctic Ocean seems to have 
been open and free from ice since several species,common to the tw^o 
oceans—the an^phiboreal element of L. S. Berg^^s—have been found in the 
North Atlantic and North Pacific, namely^ forms cither still living, including 
fish, Crustacea, molluscs^ hydroids and sea-urchins, or living on one side 
only and of Pliocene age on the other, e.g. Liomems oinatimlatus {Bering Sco, 
Iceland, New^ England) and A'^epiunes casiaf^ea^ Stpha hereftdeent, Trichotropu 
69 —q.e, [[ 
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insignis, Serripet lap^roussu and Liltorim paUiata, all of which occurred in 
Bering Sea and New England. This striking dbcontinuity in a number of 
groups mtnesses to an earlier continuity and a free faunal exchange. It 
agrees with the occurrence of molluscs and other forms, characteristic of a 
mild climate, in Pliocene beds at Xomc, Alaska,where the climate is now 
fully arctic. 'I*he present discontinuity of the amphiboreal element is a 
result of glacial conditions. 

In the Arctic, the ice probably accumulated on the land before the pack- 
ice beg^ to cover the polar basin^; for the first meteorological effect of 
glaciated mountains near the sea would be to increase the local storminess and 
diminish the chance of frecsing until at last sufficient surface fresh melt¬ 
water was produced. When once, however, the temperature at the pole fell to 
r- — the lowering of the w'inter temperature amounted to c. y 

The ice obliterated all life from Europe’s epicontinental seas it overrode, 
e.g. the North Sea, and by lowering the Icvd of the world’s oceans increased 
their salinity and not inconsiderably affected shallow-water species which 
were sensitive to the muddying of coastal waters.w^ jjot only was the polar 
ice on a bigger scale,filling the Arctic Ocean, the Bering Sea, the Green¬ 
land and Labrador seas and reaching into the North Atlantic beyond the 
puthern coasts of Greenland and Iceland, but the seas around the ice-shects 
in more southerly climes became glacial—J, Esmark^ deduced an iishav for 
Norway. The proximitj' of land-ice, drift-floes and bergs (cf. their influence 
in modem seas and fjords^*), ice-winds and melt-waters (cf, recent investi¬ 
gations in the North Atlantic the cold freshtvaters rested as 3 skin on 
the saline waters below — and the drift of snow from the lands, as off North- 
East Land to-day«> 7 _all these factors helped to cool the adjacent seas, Ihc 
lowering of sea-level W'hich reduced the depths over the submarine ridges, 
c.g. the WyviBc-Thomson Ridge, also helped to cool the seas by shutting out 
the warmcT waters.^® 

This chilling, w hich with the ice-shects drove the algae and the strand halo¬ 
phytes southwards,was felt in East Anglia (Leila tayalis Bed, see p. 905), 
on the south coast of England with its Balaenoplera borealh, the ,\sturian 
coast—Prcf^wi (C/ihm^s) ulandicus and Cypriua islandica occur in caves on 
either side of the Pyrenees the Dordogne and Gironde where remains 
of Phocagroenlandica, found to-day off Novaya Zemlya, Iceland, Spitsbergen 
and in the Kara Sea, have been obtained^'i'and Magdalcnian man in south 
France made drawings of this creature and of P. foetidafi^^. It was experi¬ 
enced as far away as Senegal and Morocco^u where the Sicilian contains 
Acantfiina (rasiilabrium and molluscs occurred w hose present normal habitat 
is north of St. Vincent, and in the Mediterranean: in Calabrian and Sicilian 
times several upper Pliocene species were banished to the west .African coast 
and the immtgr^ du AW.^h noticed by R. .A. Philippi in 1836, were intro¬ 
duced, I’hese included foraminifera<>l 5 and Pecten (C/damys) ifktidicus 
P. tigrinis, A/j-a iruncata, Tric/miropi$ borealis, Butdaum groenbmdiatm 
(present range: Bay of Biscay-Spitsbergen), Cyprina islaudka (present 
range: Bay of Biscay-White Sea) and Panopaea mrvegka (present range* 
Kanegat-White Sea), all of which have now vanished from the ileditcixantin 
'iTiey chiefly inhabited the northern part of this sea. It has been said«i6 
the shells do not prove a colder Mediterranean, since they are climaticallv 
indifferent and the Pleistocene shells show no sign of cooling—CWfha 
islandica is found as far south as Aicachon (44^” N. Lat.) and overlaps with 
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certain southem $pccics such as Astr^lium iiigasum. J. G. Jeffreys Considered 
the Sicilian fossil a distinct sub-species. Nevertheless^ it seems necessary 
to accept the old belief/restated by M. Gignoux /^5 that the waters were 
cooled^ in both the Calabrian and the Sicilian; the noithem part of this sea 
was as cold as the North Sea on the outer coast of south Norway^—the 7“C 
isotherm which leaves the land in Bcj^eo was displaced to Porto and passed 
o%Tr the Gulf of Genoa, crossing the Adriatic south of Pola and the north 
coast of the Aegean; the January isotherm \%'as probably under (cC 

pp. 655, 1073:). Pecten isiandiois at present reaches no farther south than 
the west coast of Sw'cden, Foraminifera, now' restricted to very c-ool- 
temperate or subarctic seas, have been obtained from cores at the bottom of 
the Tyrrhenian Sea.^20 Varying $ea~levels may aJso have introduced changes 
of this kind; thus physical events, by submerging the Wyv'illc-ThomsoR 
Ridge or widening and deepening the channel at Gibraltar^ would have 
allowed lower and colder layers from the Atlantic to enter {see p. 1271). 
The temperature, how^ever^ was not cold enough for coastal ice since gakts 
ex&ttqiies like those of the English Channel (see below) are unknoAvn in the 

.\'Ieditcrranean.^22 

On the opposite side of the Atlantic, during one glacial epoch at legist, 
arctic shells with Ice-rafted boulders found their way to the coast north of 
Boston Nepiunea sioneK a species of northern affinities, has been found 
in deposits of Wisconsin (?) age as far south as North Carolina/^^ and walrus 
wandered as far south as Virginia and South Carolina*^ (Charleston). 
Cores m the sea-floor at a depth of c. 1000 fathoms east of Atlantic City ^e^^ea 1 
the former existence of foraminifera, including GloMgeHnapachyderms, which 
are now' mostly found within the Arctic Circle*®^*®; the fact that all the species 
of the arctic microfauna are still living indicates that the deposits are fairly 
recent. Arctic foraminifera, e.g. Cassidulwa iaevigalQ, C. ^ubgiobasa and 
GlDbtgmaa bultmdc^^ occur in other North Atlantic bores .^27 Colder 3ir from 
the north may have exterminated the tropical life in the Bermudas and the 
coraJs in their shallow sea$/^ 

Cores reveal that the Arabian Sea and x\tlantic Ocean w ere slightly colder 
(see p, 921), e.g. off the east coast of America, in the Caribbean ^a and off 
the Irish Coast, while the disappearance of warm forma from the nurth coa^^t 
of Chile^^® (£7'30'^ S.) and the occurrence of boreal foraminifera (e.g. 
Cassidutina and Paiy^lomctta) in the Manzaki Beds of Japan and the Santa 
Barbara and Low^er San Pedro Beds of Califomia/^i relict fish fauna 

in the Gulf of California and its $treams/^2 register a contemporaneous 
coobng of a$ much as lO^'C in the Pacific. The pilot whale occurred at 
Colombo in the Indian Ocean. Nevertheless, the persistence in the 
northern part of the Pacific Ocean of many species or groups of species of 
various genera, no longer reprsented in Ae North Atlantic marine fauna, 
suggKts that its cooling was not serious.^^ This agrees with the survival 
of the Tertiary flora in Japan and Amur region, with the smaller extent of the 
ice-masses about the North Pacific and of floating ice in the ocean itaelft and 
with the displacement of the marine shells through only 4“ of latitude in the 
Japanese scas.^^^ Orogenic movements (sec ch, XXIX), however, seriously 
complicate correlations with events in other oceans. 

The Southern Ocean and i ts offshoots along the west coasts of the southern 
contJncnb^, e.g. South America, w^cre bkewige cooler, owing partly to the 
greater uprise of bottom waters.Xhe Antarctic Convergence*®^^ (see 
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below), with which the line betiveen the diatom and globigerina muds is 
closely connected, was thrust northwards, and floating ice scattered materials 
beyond the present limits of drift. J, G, Andersson found cold Bryozoa in 
Quaternary dcpiostts on Cockbum Island, and the Meteor Expedition dis¬ 
covered a foraminiferal strati ficadon in the equatorial Atlantic (see p, 921). 
A aimilar stratification was found in the Southern Ocean and the southern 
part of the Indian Ocean.The appearance of a number of molluscan 
species with subantarctic aiBnitles, notably Chlamyr delicntula and Tower a 
subsukata, in the Nukumarian beds proves the existence of colder waters 
in New Zealand (Fleming, 1944, 1953). 

The cold shells of the pcriglacial scone, far removed from the coasts, are 
now inaccessible, though veiy' occasionally, as in eastern North America, 
storms have swept them on to modem beaches.^^ 

These cold oceans, by tlicir greater absorptive capacity, have withdrawn 
a small percentage of the oxy'gen and a much higher percentage of the carbon 
di-oxide from the atmosphere,^ with reactions upon weathering and I and-life 
which have yet to be traced. The lower temperature diminished the degree 
of saturation of the water with calcium carbonate, particularIv of the sub- 
sur&ce layer. A downward diminution of the calcium carbonate content of 
the sediments has been recorded in the Globigerina ooxes flooring the 
Atlantic.*^* 

An epoch when all the oceans were cooler seems to be implied by the fact 
that three types of cool or cold water deposits, namely, glacial marine deposits, 
red clay and sediments with cold water foraminifcia, formerly had a greater 
area and are now buried under a comparable thickness of foraminiferal ooze 
or limey blue mud (see p. 921). 

Marginal coral seas. The glacial chill, which probably shifted the 
Convergences (sec below), was greatly damped in tropiral seas, whose marine 
life, for example, off Fern, the Philippine Islands and the West Indies, suffered 
no appreciable change.^^ Whether it extended into tropical seas, as sug¬ 
gested, is indeed doubtful, though the greater development of siliceous 
organisms in tlie Guinea Basin and Cape Verde Basin prove cold waters 
herc*^ and that the Atlantic bottom water extended much farther than now 
(see p. 921). Nevertheless, the stirring of the immense sediments and the 
subaeriaJ and marine erosion that accompanied the universal sinking of sca- 
level (see p. 1355) and the world-wide migrations of the zone of breakers 
killed off the corals throughout the coral seas during each glacial epoch, 
though the interglacial growth was vigorous. * 

This “ glacial control “ theory of coral reefs, suggested by A. Tyler ^5 and 
Penck,^ was elaborated by Daly.^^ The corals, it is supposed, grew po«t- 
glacially on platforms abraded long preglacially as well as by die waves of the 
lowered glacial ocean, as is testified by the uniform depth of the submerged 
platforms within the atolls (c. +5 fathoms; r. 82 m), of the drowned and 
alluvially filled valleys, and of the beaches around the bigger islands. This 
glacial control theory W'hich explains satisfactorily the extreme scarcity of 
atoll and barrier lagoons greater than 80-90 m in depth, the relatively small 
and uniform volume of the encircling reefs, and the lesser depths of small 
lagoons, has been extended to many regions,6« e.g. the Great Barrier Reef 
Malaya and Florida. Da%'is,*« whose standard work championed Darwin’s 
theorj' of regional subsidence, accepted Daly's theory for the marginal belt 
five degrees wide, on the north and south sides of the Pacific coral seas and 
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in the Antilles which aldnc have cliflFed features.®^^ The absence of 

dilFed headlands behind barrier beaches and the existence of submerged atolls 
arc among the circumstances which are difficult to explain by the theory. 
Several authorshave sought to combine the main elements of the two 
theories. 

There were apparently two cold marine periods (cf. p, 923), an earlier 
one at the close of the Pliocene and the beginning of the Pleistocene (Sicilian) and 
a later one in upper Fkistocene time. During the latter periodj the cold 
species failed apparently to penetrate the Mediterranean as they did during the 
Sicilian, though the more stenothermal forms disappeared and the eury- 
thermaJ species, e.g. Spandylus and Purpura, were reduced in size and 
ornamentation. 

Oceanic circulation. The position and strength of the ocean currents 
were modified to an unknown degree—further investigation of the floor 
deposits will help to discover them, since by tins means the existence of a 
Pleistocene South Equatorial Current has already been established .*^2 £ce- 
sheets covered parts of the sea-floor and lowered sea-level by abstraction (see 

р. 1354); the ocean's salinity was raisedand permanent high-pressure 
systems surmounted the ice in mid-latitudes and cyclone tracks and planetary 
winds moved equatorwards*^ ($ee p. 1134). Stimulated by the greater 
temperature and pressure contrasts between the btitudes, the planetaiy^ air- 
circulation strengtheried the water-circulation,^^^ especially the circumpolar 
current of the Southern Ocean and its off-shoots along the west coasts of the 
southern continents,though the action may in some measure have been 
counterbalanced by the rise in the salinity of the sea from 3 5 to 3-7% that 
tended to slow down the deep sea movement.^^^ The intensified trade-\vinds 
caused an increased upw^elling of cold waters and a compression of the Equa¬ 
torial Counter-Current—the convergence of this current is very sharp, 
re d clay occurring on the north and calcareous ooze on the south* 

The changed currents may have carried the immigris du Nord into the 
Mcditernmean*^^ or the marine moUu^a, rcsemblmg those of the West 
Indies, which arc found on the shores of St. Helena.™ Westerly cuirenta 
may have markedly cliffed the western sides here and in the Haw^aiian 
Islands.^^ The cold currents, as exemplified by the Labrador Current 
to-day, doubtl^ caused a degeneration of the vegetation along the adjacent 
coasts and an enrichment of plankton and of fish where they met the warm 
w^aters. 

The intensified North-east 'Prade winds (see p. 1136) forced more water 
from the Atlantic Equatorial Current to go south of the Brazil salient, so 
diminishing the volume of the Antillean Current and Imvering the tempera¬ 
ture of the Gulf of Mexico.^^ Cooled at its roots, the Gulf Stream which 
may even have lacked access to the Caribbean when the sea was 

с. 90 m lower, was still furdter chilled by \vaters issuing from the North 
American ice-sheet. Because of off-shore winds, melt-waters from the 
glaciers and the lower ocean level, it probably left the coast at Cape Hatteras 
and proceeded due east, being turned back wesuvards after crossing the ocean 
much farther south than now^ so that little passed into the polar basin—cores in 
the ocean floor should give the amount of deflection of the Gulf Stream and 
the shift of the “arctic convergence”. The Gulf Stream sent a branch 
southwards from about the south of Ireland and the Bay of Biscay and drifted 
icebergs to 29° N* Lat.^ (see p. 1098). The cold Labrador Current rnay 
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have been weakeror, more probably, like the East Greenland Current may 
have come into existence now for the first time,*^ 

These changes were independent of any that might have arisen by dis¬ 
placing the poles and shifting the positions of polar flattening and equatorial 
bulging. 

While the ocean in lower latitudes is “ anothermic ” and cools downwards, 
polar and subpolar seas are “ mesothtrmic ”, having cold waters above 
(—t* to ~i- 9 ®C) and below' {—O' 3 ” to — o-b^C) a massive intermediate layer 
of warmer and more saline water (i-y” to The latter, which is of 

tropical origin and underlies the shallow waters of lower salinity formed by 
melting icc,®*^ reaches the continental slope of the Antarctic and in summer 
the front of the shelf-ice—it brings tropical plankton into the Weddell Sea.s^® 
ITie cold, heavy bottom water (Antarctic Circumpolar Water), which flows 
at Z'Z cm/sec®^ and feeds the bottom waters or ocean stratosphere in the 
tropics, is largely of Antarctic origin—the shallow submarine ridge across 
Gavis Strait and the Wyville-Thomson Ridge largely prevent the entry of 
simitar waters from the Arctic, the arctic bottom water being restricted to the 
Labrador basin and in still weaker development to the Spanish basin.*^<> It 
is formed by cooling, freeaing and convection on the continental shelf 
especially in the Weddell whence the bottom current (temperature 
— I '95 ^ i salinitj' 34 ' 7 SSi>) spreads eastwards round the whole of the Southern 
Ocean imd into the west and cast basins (where, because of its low' temperature 
and salinity, it accounts for their lime-poor scdimcnts*72j and as far north 
as the Bay of Biscay the bottom water of the Ross Sea is unable to escape 
because of a submarine ridge (Pennell Bank) Indian Ocean the red 
day coincides roughly with its distribution.^'^* 

.(Oceanic Polar Front), or line along 
which the heavy, diatom-rich Antarctic surface water (** polar w'atcr") meets 
the lighter sub-antarctic upper water (temperature, S-g^C) of lower latitudes 
{“muted water of the middle latitudes”) is easily and precisely detected by 
thermometer, analj-ses and tow net,®’"' influencing the distribution of plant 
and animal life, e.g. plankton, benthos, fish and even polyzoa and other 
bottom-dwelling creatures^ird distribution is also related to it: the diatom 
RltfjsosoUma curvtita is the best indicator of the southern limit of sub-antarctic 
su rface water. The amazing wealth of phj'toplankton—the numbers of some 
species often run into millions in a single haul—is due to the high concentra¬ 
tion of nutnents and gases and the turbulence of the ’ivaters. The averase 
difference of surface temperature between the two sides of the convemei^e 
IS st'C ( 4 * and 6 *C in summer, i® and 3 “C in winter), though the "rMfie” 
varies in longitude. Its position, which lies very nearly half way between the 
Antarctic coastline and the extremities of each of the southern continents is 
dependent upon the bottom configuration—one factor is the spread of cold 
w;ater as governed by the melting of the ice and the vigour of the atmospheric 
circulation—has a regular seasonal change varying beU'een ac-ioo miles 
( 40-160 km) and lies for the most part in 50 * S. Lat. In its turn the con- 
vergenre determines the boundary between the diatom ooze and giobifierina 
ooze which lies just north of the convergence and approximately parallel to it 
and conforms with the trend of the normal limit of the pack-ice which li« 
wHthin it (see fig. 19 , P- 77)- The Antarctic surface iater hcrrpf™ 
abruptly to a deeper level as the .Antarctic intermediate water ftemneraturc 
3 - 7 °C). The sharpness and constancy of position of the conve^nw, which 
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are in marked contrast to the fluctuating margin of the drifting ice» are now 
known to be governed by the latitude of the steeply upward climb of the 
warmer deeper w^ater above the Antarctic bottom water {fig, a 15). 

Ro 33 Sea has a northcm i^-all so high (see above) that the deep warm current 
does not enter, the sea, especially in the south-west, being filled with ex¬ 
tremely cold and salt Antarctic water {the coldest and heaviest water in tJie 
Antarctic)—the temperature is a$ low as — i ’94*C and the salinii^^ j+'S7%a— 
so that its fauna has its peculiarities.^^^ 

The Antarctic Convergence divides the antarctic region to the south from 
the subantarctic region which stretches northwards to the Subtropical Con¬ 
vergence (Antibor^ Convergence of S. Ekman) tvhere the surface tropical 



water finds its limit—this convergence is less sharp, especially in the eastern 
half of each ocean, and may be better termed a region of convergence 

During the Glacial period the Antarctic Convergence was thrust north¬ 
wards through about to 50^ S, Lat, Thus the louver layers around the 
Antarctic continent had less lime; glacial deposi*^ spread beneath the modern 
diatom ooze and this beneath the globigerina ooze; and red clay underlies a 
globigerina ooze of later date and has a more southerly distribution^®^: cores 
in the floor of the south-east Pacific Ocean reveal a repeated oscLllation of 
highly calcareous ooze and red clay^ low in carbonate, to be correlated with 
three glaciations (\rfth their various substages). 

From what has been already said (sec p. iq86) it appears that the Glacial 
period cooled the bottom waters of the oceans and for the first time 
reduced their temperature by about lo^C to approximately the temperature 
of I 'S*C which reigns there to-day. It compelled the cold waters, a true cold 
relic, to creep into the abyssal basins of the tropics and dominate the circula¬ 
tion as a whole,^^ By dissolving the lime of the sea-floor it produced for 
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the first time in Caino^oic history the red clay : it also carried oxj'gen to the 
depths so that the plankton sinking there no longer dcca}^ as formerly 
T. C. Chamberlinthought it reveraed the oceanic circulation which had 
previously had descending saline currents in tropical regions because of the 
high temperature—this, howevcTj is unlikely since evaporation was then less 
active than now and the bottom saline waters w'ould not rise in polar regions. 
However, by annihilating much of the pregladal fauna of the deeps, it may 
have led to die evoludon of the present abyssal fauna*^^^the fish fauna which 
contains no single representative of an ancient family consists of highly special¬ 
ised members of young families. This relict corollary of T. C. Chamberlin’s 
main thesis is disputed since the fauna i$ of high antiquity and corresponds 
with present conditions.^^ MoteoverT the present deep-sea fish fauna con¬ 
tains Palaco^ic and Meso2oic relics®^® and evolved from lower Cretaceous 
^cestors^®^ (sec above) while the bulk of the fauna sprang from a waim 
littoral fauna.1*^ 

Tha Ice Age, which enhanced the temperature differences of the ocearis 
and the zonal distributiqns increasingly discernible throughout the Tertiary, 
may also have induced the bipoUrity of the polar marine faunas,®! perhaps 
first noticed by J. C. Ross^®^ and |. D. Dana ,®3 and shown especially by 
plankton, annelids, worms, Crustacea, salt-water nutes, pterapods, steno- 
phores, amphipoda and certain littoral groups, and doubtfully by the deep-sea 
life. The sh^k, ItOtnna ittrfmhics, is bipolar and bipolar disjunction is also 
known among land plants and animals (see p. 1086). While J. D. Dana®* 
invoked a separate creation, H. Thdel's "relict hypothesisascribed this 
faunal identity or similarity of species in the Arctic and Antarctic to a cooling 
which interrupted the previously continuous range through the latitudes by 
extiriguishing the Tertiary' species in the warm tropics. Darwin and others 
have also invoked a poling In the tropics to explain bipolarity : the majority 
of the bipolar species are temperate and not arctic.®**^ Others postulate a 
spread of "bipolar" forms by "submergence” via the deeper waters of the 
tropics®* (= " bipolar-epiplanktonic"), as proved for a number of species, 
or via the colder watps of the wiest American and African coasts,®** This 
migration hypothesis is more probable than Fheel’s hypothesis in its original 
form, though it too is obviously a relict hypothesis since it involves the ex¬ 
tinction of species in lower latitudes. Another migration hypothesis sup¬ 
poses that forms which originated in warm equatorial waters migrated to 
polar regions.^® * 

^eh of these tlwories encounters serious object! ons. I n the case of certain 
radiojaria, foraminifera, ascidiaus and siliceous sponges, the similarity or 
identity may have arisen by con’i-ergent evolution or independent adaptations 
to similar physical etirironments.™! Competition with voungcr and more 
vigorous forms, rather than the glacial chill which probably did not greatlv 
affect longitudinal distribution in lower latitudes, may have exliipated the 
forms in the tropics .^2 A solution of the problem demands thorough col¬ 
lecting throughout the entire region, satisfactory classification, and scrupulous 
systematic work, ideals not yet attained,’” Aithough recent discoveries of 
connecting forms in the tropics hav'c eliminated one after another of the 
alleged bipolar forms and bipolarity is unknown in some groups™ fc e 
schizopods, molluscs, ncmertines, tunicates, echinoderms, hydroids corak 
brachiopods, foraminifera, cephalopoda and fishes), and rare in nihor* M 
p. 1387)—Threl’s list of 200-250 Is now reduced to aS at the most-^eriin 
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species among the better-known groups arc definitely bipolari bipolarity is 
more common among genera and higher taxonomic groups than among 
species. The time of continuity probably varied; it was earlier in families 
than in cases of generic or specific identity. 

Bipolarity m only one aspect of the larger problem of discontinuous distri¬ 
bution which includes that of the amphi-Atlantic boreal element and the 
Korth Atlantic-North Pacific clement (sec p. 1089), both of which concern 
latitudinal distributions. 


[t] Drfjuic& 

Tile limits of the pack-ice during the Glacial period were pushed farther 
equatorwards.^^^ In the northern hemisphere, the Bering Sea was probably 
filled with pack-ice which extended to the Aleutian Islands where the warm 



Fig. 216, —Ffeiitocenc cjpndititma m tSw North Atluiti^ rcijimi, G. Majilcjf, roj4, p. 63, 

TOP fig. 


Japanese Current (Kiuo Si wo) fixed a limit; the North Atlantic had pack-ice 
which spread southwards to the north side of the displaced Gulf Stream (see 
p. 1134), i.e. south of Newfoundland and of Greenlandp to south of Iceland 
and the north-west of the Briush Isles(fig. 216)- Icebergs ivere calved in 
greater numbers from both sides of Greenland^ from Labrador and from the 
Grand Bank of Newfoundland to New York. 

Winds from glacial antic>clones and marine currents carried drift-ice and 
thaw waters across the oceans. Erratic material w'as thus convej'cd on a 
vaster scale than Galeis ex&ttfues of gnci^, granite, pegmatite, 

porphyry, amphibolite, arkose and other rocks, mostly angular in shape and 
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now tmmobiJe, were rafted bjr coast-ice from Brittany, Cornwall and the 
Channel Islands over the bed and along the English and French coasts of the 
English Channel"^®* and through the Straits of Dover into the Xorth Sea"?**? 
and the Low Countries—in exceptional winters coast-ice in the Channel 
to-day imprisons pebbles in this Up to several tons in weight—'the 

Giant’s Rock, west of Porthleven Harbour, is a microcline gneiss weighing 
50 tons—they were associated with clays bored by large arctie Pholai crispata, 
whose crypts contain the northern cirriped Balanta poractus*'^^'^ Found in 
the Monastirlan and Flandrianjl^ they belong to the Riss but mainly to the 
Wurm gIaciatioti,Ji 5 Other debris was scattered off south-west England, 
and boulders of Igneous rocks resembling those of Scotland were conveyed 
to the Comish coasts ^*5 (from Ross-shire and Argyllshire) and to Anglesey 
(from Skye), and others of Kcntallenitc found their way to Greenock 
Chesil Beach contains pebbles of granite and porphyry resembling these rocks 
in northern England.^ 

The Faeroe Bank and Wy-viUe-Thomson Ridgehave yielded glaciated 
stones, embedded in a kind of boulder-clay, which comprised Lewisian 
gneiss, Torridonian arkose, Cambrian quartzite and Moine schist, all from 
the Scottish mainland or a northerly extension, together with Old Red Sand¬ 
stone from Caithness, Orkney and the Shetland Islands, and Mesozoic rocks 
from outcrops known to occur under the adjacent 5easJ20 Erratics from 
north-west Ireland and west Scotland were transported west of Ireland, e.g. 
150 miles (240 km) south-west of Kerry,^21 as Rockall and the Bay 

of Biscay.222 Erratics also drifted in the Baltic Sea into the Yoldia Clays of 
Swcdcn,722 ^ 

The CiMllmier dredged up erratics west and north-cast of the Azores. 72 * 
Single ones have been obtained by the Challenger (1873-5J, Blake (1877-80), 
Talisman (1883), Valdivia (1898), Miekael Sars (1876-8). THton (1882)’ 
Knigltl-Errattl (1880) and other expeditions from the globigerina and red clay 
of the Atlantic as far south as 33“ 47' N. (north-east of Madeira) on the east 
and to 36* N, on the wc 8 t. 72 S in the Pacific Ocean, they have been traced 
as fax as 28“ 23' N. off Califomia .726 Ice-rafted pebbles, cobbles and boulders, 
coated with a manganese film and associated with sediments showing poor 
sorting and mineral grains quite fresh, have been dredged from sea-mounta 
over the north-cast Pacific Ocean down to 45'' N. Lat ,,727 an area about 
half as large as the United States, and the southern limit of the diatomaceous 
sediment was shifted southwards. Erratics were floated into the Pleistocene 
marine days of the Columbia and Williamcttc valleys of North America.728 

Granules and pebbles up to 2 cm in diameter of ^-arious sedimentary 
igneous and metamorphic rocks, obtained by coring in the North Atlantic (see 
p. 921), reveal that for long periods detritus-laden ice drifted at least as far 
south as 50" N, but not into the tropics, though pelagic foraminifera in the 
sediments prove that the ice was not a close pack but was open and drifting 
and probably melting rather actively ,729 ® 

That Antarctic bergs drifted farther north during glacial time was proved 
by the Challenger, Gauss and Meteor expeditions. Erratics were dredged for 
example, benveen Tristan da Cunha and the Cape of Good Hope, and in the 
Pacific from positions situated 10“ of latitude north of the present limits of 
drift-ice. Patagonian bergs discharged their cargoes in places along the 
South Amencan coast.™ The difference, however, was far less than in the 
North Atlantic. 72 i The waters were also colder. tnan m tnc 
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Rautikkiet- (ed. A. G. TansJey), The Eife Formi of Plants and Slatittioal Plant Geo¬ 
graphy, Old. 1934; F. Roemer & F. Bdiaudinn, Faftna Aretiea, j (i8q 8)-V| (1933). 
Jena; A. Thicncmann, JVai. Volk. 64, 1934, 204, to6 f 97, 76, :63 (map). 107 J97, 
193; i092 (6), 1408; O. Dnide, Hb. PJtanzrngeographie, 18^, 356^], L. Giddings, 
Tne-Ring B. 13, 1947, 26; I. ilustich, Acta Bot. Fenn. 42,194S; W. Kdppeii. G. Z. 

6, 1900, 599! A. Supan, P. Af. 23, 1879, 349; E. Wcrth, Ber. D. hat. G, 43, 1925, 396. 

id 8 /i97; H. Fricse & H. Kiaer, in Fauna Antita, t (3), T902, 401, 439. 109 7200, 

73 J 95&- il* C. [iabot, R. gen. bot. 8, j 8^. 385, iii A. Mozley, N. 14a. 
1938,1116. *12 P, Falk, J. Efoi. sS, 1940, 27. 113 tJ, SchiNS-Fsehr. Zuriek. 1928, 

711. 114 F. Vlerhapper, Vcr, Rahd. I. 4, 1927, 144. 115 913, 4Si; 1519, 1(52. 

rt6 567, 318, 117 H. Smith, G, F, F. 33, 1911, 521. iiS A. G. Nathorsi, F, ti. 

1891, 142: 0 - Tortll, 0 . Vet. Ak. F. 10. 1872,52, 119 iipa, 258; Lunds U. Amkr. 

7, 1S70; 0 . Vet. Ak, F. 6, 1873, II. 120 Ibid., C. F. F, 32, 1910, 533, 559 fmap}. 
121 J. liolmboe, Vid. Selsk. Skr. 1903 (2), 2oz; N. Vi'ille, Mist. Bot, Gardens, 2, 

1915,82. 122 O. Gertz, G. F. F. 39, 1917. 503. 1 il JO, 177, 124 748, 88 (lit.) | 

E, HyyppE, Aela Forest Femt. 39 (4), 1933, 10. 125 N, Harts, D. C. G. a, ii, 1902; 

I. Iversen, G. F. F. 66, 1944, 774. 126 131, 113, 1 Jj; R, Grahmann, Z. D. C. G, 76, 

1924. 1501 A. G. Natborst. O. F. F. 36, 1914, 267; P, Range, Z. Nie. 76, 1903, 161; 
P, Sta/k, Ber. nf. C. Freib. 19, i9t=, iS3i Bct.J/b. 52, [914, 86; J. StoUer, j. LA. 48. 
1926, 330. 127 K. Konior, Starunia, ii, 1936, 3; S. Kulczyhaki, Aeta S, Bot. Pol. 

9, 1932, 237; j. Novak et at,, B. Ac. Fo/, III, B. Suppl, 1930; W, Szafer, ibid. 1912, 
1103; S- So. G. Pid, I. 1922,445; B, Forisfie. /. G. 65, 1950, 33; A. Srodon, ibsd. 67, 
1952, 27. 128 A. Keller, J, Eitd, 15, *927, 1B9; M. Nctisladt, G, F. F. 30, T92S, 

440; P. I. WertebnBja, Arch, Hydt. zo, 1929, 124. 129 iSSs, 158, H, Printz, 1921 

13Q A. G. Nathorst, op. dt. 301; W. Sukatschcw, B, Ac. imp. 1910, 457. 131175/, 

218; W. BEycrmck, Tijdt. s, 50, 1933 , SW; F. Florachate, P. Ac. Sc, Amtt. 30, 1927, 
344; 33 , >930. * 37 : 37. 1934 , ^97 i F. C. int. bot. 1936, 1 , 205 : Abh. i«c. V, Bremen, 31, 
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«939» 3*4; «» -P- Wtt, Amst. 39, 1936, 76; Trav, bot. nierl. 36, 1939, 

I33*: 13S0, 64,66: H, M. CadeU, T. E. C* 6. i)^93, 287! D. Tait. ibid. 13, 
«934. 1 lo; i945> 21 • 133 S5; 1453, 201; H. M. dc la Cbodamine, Q. J, 9. 

1S53. 271 ; A. P. Connolly tl <s/„ Bh. T. 234B, 1950, 397; A. C. Nathont, Rot, Jb, 
\ (5), 1881.43 i. 134 966, 374, 373. 135 Ss3, 144; K. Jtsscn, /. N. J. 3, 1934, 131 j 

G. P. Mitchell, P. R. L A. 46B. 1940, 13, 173 ; 558, 1953, 385; N. 149, 1942, 502. 
136355, 35Q; i^zS, 17; J3/9;E, Neuweilcr, Vitcfar, 46,1901,35. 13730,795 j3s, IT, 

842. 138 S, Kulcxynski, B. At. Pdt. B. 1923.127. 139 i86, 12. 140 R. SchUtiiumpr. 
Vir. /, I, 1936,1, 141 Ibid., yacbiBf, D. VorsAt. 11, 1935, 231, 142 S^?, I, 

288, 143 Ibid. 348. 144 606, 395. 14s Ibid. 146 1604, 10, 50. 147 H, A. 

Gleason, Ann. A. Am, Geogr. la, 1922,39. 148 J. E. Potzger, Butler U. Bi>t, Stud. 7, 

1945.1; W. S, Cooper & IL Foot, Eeoi. 13, *932,63. 149 M. F. Buell, rfiirT«3@,45, 

i945> 117: Torrey Rof. Cl. B. 71,1944. n; W, S, Cooper,7. G. 50, i942,99t: D. G. 
Frey, Ett>l. 32,1951.518; S.iso, 195*- *5®5^.89:459,718;E. S. Deevey, 

A.J. S. 249, 195'. '77: D. G. Frey, EeoL 32, 1951, 518; H. A. Gleason, op. at. 39; 
11. Gross, Texat Areh, Pol, S, B. 22, 1951, 101; A. Hollick, Brittonio, 1, 1931, 35; 
cf. jV. 7. 1932, III, 321: J‘ E PoKRcr & R. C. Friesner, Butler U. Bot. Stud. 8 , 1948, 
178; H. M. Raup, OA» J. 5 c, $1,1951,113. 151 E, W. Berry, U. S. G. S, PP. hoC, 

1926; C. Epling, Cam. I. P. 554, 1944. 167; A. H. Gleason, op. At. , P. fl. Seare, Ecol. 
13. '93*. 1: * 9 , 1948, 328J J. A. Steyermark, Rhodora, 36. 1934, 214. 252 J, Q. 

Veatdr, MM. Pap. Geogr, 8,1938. 153 L. R. Wibon, Tonvy Bot. Club, B, 62,1935, 

533. *54 11 - N- Fisif ttl., Loui'itorta Oept. Comerv. C. B. tz, 1938. 155 C. S. 

A. S, 23*. '93^p 3**1 *38, '94^, 43*. B. P, Goldtlivvait, A^. Humps. Ac, 
Se, B. I, 1940, 37' R. P. Sharp, J. G. 50, 1942, 113. *56 7325. 148; L. Horberg, 

J. G. 57, 1949, i3*i J- P- Schafer, ibid. 154; J. H. Biroam, A. y. S. 250, 1952, 721; 
C. S. Denny, Oliioy. St. 51. 195 j, 113. 157 L, C. PeliUr, Pmn, Topogr, C. Sv. B. 

G-23, 1949; H, T. U. Smith, G, S. A. B. 52, 1941,1934:7, G. 57,1949,196; A.y. S. 
25'. 1953. 625: p E. Wolfe, G, 61, 1953. '33. '40; cf, W. C. Rasmussen, «f. 
158 z 666 , 1433. 15956, I {iiib), 19, t6o W. v, Lo2inski, AT. 7. BB. 71B iota 

rS. 161 N. O. Holst, 5. C. U. C, 189, ,902; A. G, Naihorst. G. P. F. 32 j™’ 
S49 (map), 162 J. A. Nannfeldt, Symb, bot. Upi. i (5), 1935,96 (lit.). 163 066 374' 

ti73. *85; J. Bennie Sc T, Scott, P. R. Phys. S. 10, 1889, 144. 164 723, 547 - U. 

Steiuloff, Arch. Molluskmlt, 70. 1938, t6i; E. Wost, Z, Nvt. 82, 1910 161 
16s J. Favre & A. Jayei. Eel, 31, 1938, 395. 166 Cf. M. Bo«le, Autbr. 36.’ 1926! 

386. 167 727, 183. 168 H. E. Sauvage, CR. C. Areh. 1876, 57, 169 L. Capitan 

R. Anthr. 6. 1906, 210. 170 lyi, 299, 354; H. Munthe. 5, G. U. C 263* 

1914; R. de St. Perier, ArAi. I. P. H. 17. 1936, *0. 171 8, 793. 1,^ 697’ ,on ’ 

V. Gromov-, A. J. S. 243. '945, 49*. *73 S, 793. 174 984, gj,.). q £ 

TT, D-TIaimIton, /. N. 8, 1899, 17. 175 R. R, Marett, Areh. 67, 1916, 8+ 176 5ti 

5 "*^' 757 (lit.): rsjo. 169. 191, 407! 

178 £. Petera & V. Toepfer. Pr . Z . 23, 1932, 166. 179 K. Lambrecht, 

Wsehr, N.F. 17, 1918, 361. 180 H, Obermaier, F. F. 13, ,,2 igr /tot 

(S), 126; 1S61, 201 (Ut.). 182 D. M, A. Bate, y. R, Aittla. I. eg, 1028 02 

183 1240, 8. 184 A. C. Blane, Ardt. Antr. 50, 1920, 65; 58, 1928, 155. t8*s G 

Clark, Ant, 22. 1948,118 (fig.). 186 1S61, 191 (lit.). 187 964, jot (lit.). 188 C IT 



5 fu£l. Bet. C^choflorakia, 11, 1950. 198; J. D. Tseherski, MAj,. , 4 e. imp 7 40 
1892, 483, 190 1319. 1154. 191 A. G, Nathoist, G. F, F. 36. iota afrj*- w ' x 

Weber, Abh. «te, V. Bremen, 29, 1918, 189. 194 R. F, Scharff, /. JV. 32 imt ,,,1 

A. J, Wilmoif. P. R. S, ij8B. 1935,215. 193 905, M, 54; M. A. C. Hinton SeP R 

D. S. n-s- 12, 1910, 260; R. Stiuckmann, Z. D, G. G, 32, 1880 76c 104 A G* 

Kennard, P, G. A. 55, 1944. i 3 '* *95 A. J. Wilmott, P, R. sl 118B 1935 215 


REFEHF.MCi'& 


1103 

45- *97 ir79p 11:30. r^B H. Mcnzef^ Z. Z). G. G. 62, 1910, 235. 

95- 2**> JJ^7 p *3:34; 317; J 7C^> 112> aflS I SSS, 130; 179; 1/9^, 258; 

l^rnf, 34; z^£>9. i9; 3Z3 jpr^p 31, 14^ H. FranZp Zoo^^r. 3, 1938^ A. Jakobi, 

Z. 51, 1919:^ 314: E, Obtrdorfcrp Z. flof. *937* 513: H. Menztk 67. 9, 

1915^ 166, 301 0. Akr Fr 5Tp iS94p 519. 30 z r^gio, 229; \\\ Rtihk -V, y, 

783, 1937^ 360; F. FbrsthQT^p jwy. F. i939p 324; K. Gripp, Ojfo, 4, 

1941, 39-83. 303 IJ20, 491, 204 J. Premili & K, Fiech^ i4jm. 5. G. Pu^. 8p 1933, J . 

305 K. Bcrt$di, Btr, X), G. 46p 1928, 40. 2*6 J^^^p 251 36; F. Enquistp G, F. F. 
46, 1924, 203 ^ E. Granlundp G. 6p 1935^ Si. 207 Tjy8^ 167. 208 ijjr; A. G. 
Nathorei^ 0, Fpf, //A, F, 5ip i&94p 541; C. A. Weber* ^ftA. fatti. V. Br^iw^* 24, I9t9p 
243: 29 p *938, 1S9, 209 49p 106 ; 441; K. BertftchpyS. AL Obtrrh. G. F. N..F- 

14, 1:925, 293; C. Gflgcl, Z. D, G. G. 75, t 933 p 383 A, C. Nathoratp G. F. F. 36* 1914, 
267^ E. Ncuwtikr, F/ifAr. 46, i9oip 35. 2x0 H. Losert* Bot. CbL Bh. 60Bp l940p 

395* 4IS" FirbaSp^ ibid. 52 (Il)p i934p 129. 212 Ibid., PiantOy 22, 1934, 109; 

H. nc$$clmajinp M. Siaimi Sk^j/drs^anL 16* 1919 (lit.); F. KnoUp F. F. 8, 1933, 
301; W, Sebmidt, Oj/r. botr Z. 6Sp igiSp 313, 213 G. Erdmian* A/. G8it&ar^s^ T* 
i937j ifiS ; C. Meier of., Sr. A/o. 40, 1935, 55 FA>fo#tofA. 25* 1935^ 37; Sr. SB, 
(93&P 507; N, Folunin, AT, 16S* 195 ip 718; & C. 0. KeUy, N. 171 p 1953^ 314; B. E. 
Proctorp F. /Jr, 69p 1934^ 3^5: BacL 30p i935p 363; E. C. Stacknino tf air^ 
y. Agr. Per, 34, 1933, 599. 214 210^ 6. 3x5 C. A. Darling & P« A. Ssple*y, Ba^L 

43p 1941 j S3; A. Lr MeLcan,. jV. loZp i9i8p 35. 2x6 C, Erdtniaiij G. F. F+ 46, 1924, 
538. 217 Varcsebi, Fier. RQbei I. i9p 1942^ 81; Z. GL 23p 1935* 255. 218 W, Vv\ 

Kudrjaschcwp cf. Sv, Fp/. F 19, 1925^ 527; N. A^'illc* 0. Si'. Ak. 1879 (5)^ 5. 219 G* 
Erdtrnan, Sv. Bot. T. 30p 1936, i6r, 220 K. jtssen, F&rh. 17 Shand if/. Gsi^prg^ 

1925, 190; Sc Kr flasmussen^ D. G. G. 4p i {13)? i9z2p 31. 221 H. GamSp Q. i:93®p 

84; H. Losert, Bot CMr bo Cir)p i940p 433. 232 ^5Jp 271. 223 K. Bertsch, y6, M. 

(Merrimn G. F. 14, i92Sp 292. 234 507P I, 57, 225 Ibid. 3t>3. 226 Ibid. 57 (lit,), 
227 Ib^. 305, 22S J97p 46; M, Rikli, yjfchr. 49p i904p 128. 229 T. litrECigp 
M. Gg. G. y^ia, 39 p 1931, 72. 230 4/5p 90s J250, 139; F. .Machatschek* M. Gg. G. 

TF^p sSp 1915, 75, 231 J75D. 232 J97 p 26 p 55J, 286; igiS^ 20; J. Briquet, Act. S. 

Helv. 90p 19071^ 1 tS F E, Imhofp Btr^ Gphys. 4, 19^0, 305. 233 J97. 234 197; 212; 
M. RLkiip cp. cit. 235 A. G. NatKor^t. 0, Vet. Ak. F. 51,1894P 543; Y. 14^ i895p 40. 
136 353 i A. G. Nathonitp G. F, F. 36, 19^4, 300, 237 jJJ. 238 J. KcrckeSp 

Q- 5. 195ip 47. 3^8^ J07, i2ap 225. 54* ^^97^ 54* bji, 273; A. C. SlanCp 

R. Gg. physr 9, 1936, 146; F- Firhas, Ivtr. 27, 1959, 105; II. Obermaierp F. F. rjp 
i9J7i *51: M, Paci, Pw. S. Tesc. Sc. nut. 1935- 242 F. FirbaSp PlantOj^ 13, 

198 If ^3- 543 JJ3*P ^5 544 F. Firbai, Nto. 27,1939, 81. 245 F. ^ G. ip 

1951, 16; Erdk, 3^ 1949. 86. 246 Ihiii. 87, 247 F+ Elute, Gg. R. i, 1949, Sr; 

W, W^ilhelmy, Erd^ 4, 1950, 21^ 248 i7g6, 449. 249 P, Stark* Ber. D. bat. G. 44p 

1926, 373. 250 E. Rilbeb Fft- RiibA I. 4^ 19271 67. 251 K. MoldhauSp Vh. 7. ijt/.G. 

Enr. i939p Ip 2i2, 252 K. Bensch. Wikit. Jh. 86, 1930* 155, 253 279; 1178; 

F. Arcschoug* Shand. Naiur/ijrsk. F. lo* 1869^ 54; C, G&ifcl, op, dL 25; J. D. HcKikcr, 

T. Linn. S. 23* i S6i, 251; A. G^ Nathorst, G. F. F. 36* 1914, 267; C. A. Weber, Abh. 

me. F. Breifie??, 23, 1914, 1; Bttf. Jb. 45* 1911* 411; F. Z^bokkOp S. G. M. iS, 1902* 
236. 254 j^wn, S. 5f 3 p 1865P 164. 255 3t 6o\ F+ Oberbeck S^ S. Schneider, 

Z. Bot. 33p i939i 1 (litA* 256 R. Soo v. BerCp iVota Aela L^p. N.F. 9 (j6)p J940p 4. 
257 J696 (18) 521; J, Braan-Blanquetp N. DsAtr.4-7, 1913, 1; M, NMckp M. bot. Afwr. 

U. Zirrffiftp 95* 1922, i. 258 A. KaleLa^ Amt. Bet. S. 200I. boL Fniii.p 19 (3)p 1944, 147. 

559 jr7j T335 (ht.), 260J. Sieenstmpp O.Se/fA.F. iSgbp 3. 26x72j;j57j, 262/^22, 
38; \V. Kbppenp Met* Z. 37p i920p 39; F. Sandbergerp Vfuphys. med. G» N,F, 

]4p 1880, 125 ; cf, 579, SV, 500. 263 H. Quiringpy. LA. L i928p 621. 264 C. Ga^jeJ^ 
Z. D. G. G. 75, 1923* 25- 265 H. Gamsp V^r. RPb^t I. 4, 1927P 67. 266 893, 179 s 

1178, 130; P. RangCt Z. D, G. G. 73, 1922, 37- 267 906. a6S rjjOp 57; 

J555i 146- 5^9 iOi 30; \A^ Soergelp Jb. Obmh. G. V, 31, 194a, 59, 270 F, 

Klurep Erdh. 5p 1951, 273, fiff. 1. 27* 3®- 272 t 330 , 37; 1369, 280; 1SS7, 32; 

A. C. Johajisscn, M, D. G. F. 12, 1906, 7; \V, Socrgcl* op. at. So; J. Stoller, Z, D. G. G. 
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62, I'jio, 163. 273 F. Klutc, op. cit. 279, 274 A, NSnwjf, ii. O’. U, s. 74, 

i94&> 63. *75 P- Woldstedt, jf, LA. sg, 1939, sja. 376 F, Kluie, cii. 374, 2. 
277 iSs8, 300-, F. Zflimer, Starupia, 3,1^34, 15; jV. J- BB. 7aB, 1934, 367; P- ^- 
48p i 937 p 381. 278 M. Schwanb&ch, Z. D, G, G. <>a. r940, 563, 379 49, io3; Jp5. 
180. zSo isgOj zzgi 70; C, A. Wcb^r, Abh. mtit V. Bromen, 23, 1919, i. 

aSt C. Wcsenburg-Lynd, B. HyAr, 5, 1911. 302 (lit,). 38a 13. 1S3 ^33^, 

84; iSSj, jz. 384 F, iivuncr. P- G, A- 4S. <937. 390, 385 220, 209; 62/, 83; 

P. Knsicr, C. Min. igzs ®.> ^5^ ^ I.ied, P.M. 97, 1953, 90; A, Klein, tWrf. pL 12; 

E, Rubcl, Firr. BuM I. 4, 1937. 74; W, Socr^gel, op. cit, 67; C, A. Weber, Abh. nte. V. 

Bremen, 23, (914, 63, 38ft .fS, 54; Jo, 3S1; J, Stollcr, op, cit. 287 J, Stcerwtnjp. 
CJ?, C. Arch, 1S69, 160, 2S8 389 5^7. 31S. 290 Cf. F. KJute, Erdk, 5, 

*951. 277. 291 tSs9, 390, 292 /J3S. 411; J. Stollcr, Z. D. G. G. 61. 1910, 172. 
*98 ^330, 6i, 294 i6tr, 102 (lit,), 39s 13IS. 35; E. Hyyppa. Aeia Forest. Fenn. 

39 {4). 1933. 7. *S; *9* 49 , 142: 50, J71; M, Menatiicr. B. S. tiat. Moteoso, n.s. 32, 

1924, 79; A, Nehiing, Glob. 65,1S94, 365; F, Zschokkc, Alpen, 2,1926, 5, ig'j 1297, 
414. 706: 1590, 42: F. Heller, C. Min. 1931B, 336, 398 M. Rikli, Vjsckr. 47, 1902. 

300; H. Steffen, Bot. Arch. 6, 1924, 12. 299 F. Firbos, Pfse. 27, 1939, 85. 300 jjj. 

*5- 30* 79t, 36; (18) 2^3- 302 O- Olofsson, Zooi. BiJr. Uptala, 6. 1918. 

540- 3*3 73- 3*4 ^®5 p 2t6; F. Zscholckc, Vh, D. sooL G. 18, t9oS, 43. 

305 A. Thicnwnann, Arch, Hydr. 17, 1926, 290. 306 W. Voist, Vh, tth. V, prems. 

Rheirtl. 53, 19**, 108. 307 in Hb. d. BinnenfischetA Milteleoropas, 3, 1926; J6g6 

<i8) 2to. 21s. 337. 379. 308 O. Reiser Sc. K. Holdhaus, Zpogr. [938, 86. 

309 W. 1, Shaclin. Zoogr, 2, 1935, 543. 310 F, Firbas, Nm. 34, 1947, 114; 

H, Godwin. Sc. Pr. 35, 1947, 185. 321 379, 333; 463, 175; 464, VI. 496, 622; 

3*7: J^^P^p "7®; 82; JJ90. 74: O. Drude, P,M. 1889, 382; H, Metizel, 

C, Min. 1909, 93. 312 P, KraoieJ. Vh, nh. V. pmu. BJieiid. 95, 1937, 86. 

3*3 379 , 82; 464, 10 (2), 42: 1067, 61; 143^, 128; R. Soo v. Bere, .\W Acta 
Leap. 9, 1940, I: K. Bertsch, Wrirtt.Jh. 85, 1929, i ; W. R, Eckardt, G. Z, 17, 1911, 
382; O. Kintzler, Bot. Cbi. Bh. 54B, 1936, 515; W, Ltldi, Ver. Hubei 1. 27. 1952. 168; 
A. Nchring, Kotmos, 13, 1883, 185; H. Pander. Nw. IVscItr. N.F. 17, 1918, 4S1 ' 

F. Pax, Z. G. E. 1917, 285; K. Rudolph & F, Firbas, Ber. D. bot. C. 44. 1926* 279- 

F, Zeuitcr, iV. J. BB. 726. 1934, 389, 314 F. MQhlliofer, Vh. zool. bot. G. 85, (933! 

141; W. V. Stokar, Q. i, *939, loi. 315 I. Manton, Z. Indukt. Abstam. Vercrbungil. 
*7, 1^34. 4t; Ann. Bot. n-s, i. 1937, 439. 316 29*, I, 145; 62S, 283; S74, 10 ■ 

W. S»fcr, R Ac. PA. B. 1935, 235. 3*7 E- Pop. B. bot. U. Cluj, 9. 1929,1931 
R, Popovid, B, Ac. Sc. CemauA, 6. 1932,142, 229, 318 K. Domin. P. int. C. Plant 

Sc. 1929, I, 503, 505. 319 2279, iS, 3*0 200. 321 307, i, ,16. 125 145 

322 2796, 45*. 3*3 14^9, 13*- 3*4 F, Firbas, Lotos, 71, 19*3,1S7. 325 j, uVaun- 

Illanquet, Vh. Sthw. nf. G. 35 p 19*31 * 5 *- 3*6 P. Stark & F. Overbcck, Plattia 17 

193*. 437i W. Szafer, B. Ac. Pot. B, 1931. i; & B, Jaion, Starunia, 8, 1935 [’ 
3*7 ?3it, 333: H- B. Jerosch, Vjfchr. 34, 1909, loS. 328 C. Gatzinger, CR. C G 
I 93 S. 1147 - 329 ^589, *M- 33 * F. Wshnschaffc, Z. D. G. G. 66 , 1914 84 

33 * 5 * 7 , 1 , ! (lit ). 33 * W. Fauler, N. Jf. 7sB. 1936, 191. 333 H. Franz, Zoogr 



■ Brettienj 23, 1914, i ■ 

29.1918,189. 335 F. Firbas, Bib!, fiof. 112,1935. 336507, 1 ,t 28 . 337A.D 'Ordiy- 
mont, B. Mus, Hist. not. Betg. 14 {*), 193 ®, *' (ntap). 33S P. A, Chappuis, ZopV .p^iw" 
44 . 1914. 4 S 339 S03, 100, iM (lit.); H, Kolbe, op. at. 340 jSsg, 390' p Firbas 
Nw. 27, 1939, 84; A. Jura, Q. 1,1938, 54. 341 Cf- F. Zschokke, Vh. D zool G 
1908. 47, 49. 34 * 463, 176; 2279, 15 i 139^, 62. 343 A. CaiJIciix B S G F V 
i*,) 937 ,i 77 . 344 / 6 £J. 5 .u,i 94 ip 264 . 345 ^* 5 , 97 . 34^ iS 4 Salomonaen’ 

P. J int. C. Oatitfi. 1931, 413 : O. Schubert, SB. G. nf, Fr. Berl. ,03 j lot 
(map), 348 Jioo, 264, 267: W. Meise, 3. Omith. 76. 1928, i; E. Stre^nW^ VJ, 
ornith. G. Bayern, 14. 1919, 39; 15, r920, 22S; cf. G.Stcinbacher, Biot Zbt 67 IcuR 
444. 349x200,178. 3SO Ibid. 351 B. Rensch, Vh. D. soo/, C 35 1933^’ 
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